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ADDENDUM

NHTSA has some concerns regarding Recommendation (3) on page 107
of this report. This recommendation suggests the implementation
of a-procedure for monitoring crash drug prevalence over time
using the FARS system. Since the FARS system is already
collecting information on drug presence, when these data are
available, this recommendation appears superfluous. The current
FARS system relies on the individual states to provide the drug
data. NHTSA believes that this is more appropriate than
imposing, as the Recommendation implies a federally mandated and
funded drug data collection system.
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EXECUTIVE SUMMARY

This study examined drug presence in 1,882 fatally injured
drivers from seven States. Alcchel and 43 other drugs in the
crashes were studied, to determine (a) their prevalence rates in
the drivers, (b) their causal rcle in the crashes, and (c) their
patterns of associated driver characteristics, vehicle types, and
crash circumstances.

Background. A 19588 Report to Congress by the National
Highway Traffic Safety Administration estimated from previous
research that 10 to 15 percent of fatally injured drivers had
nonalcoholic drugs in their systems, but the samples were limited
and the extent to which the drugs caused the crashes was mainly
unknown. It was concluded that a study was needed to more broadly
reveal the scope and effects of drug involvement in U.S. driver
fatalities. '

Drugs studied. Examined were (a) the major drugs of abuse,
including cannabis, ¢ocaine, amphetamines, phencylidine (PCP), LSD,
and hercin, and (b) common prescription drugs, including
benzodiazepine tranquilizers, sedatives, antihistamines,
antidepressants, narcotic analgesics, and antipsychotics.

Research approach. There was a total of 13 sampling sites,
encompassing three entire States (Massachusetts, North Carolina,
and Wisconsin) and selected counties from California, Nevada,
Texas, and Virginia. These sites were chosen to achieve broad
regional representation and for their previously demonstrated
ability to provide blood alcohol data to the Fatal Accident
Reporting System (FARS). Oover a l4-month period, coroners and
meditcal examiner (ME) staffs at the field sites obtained whole
blood specimens from driver fatalities meeting the sampling
criteria: survived a maximum of 4 hours; driver of car, motorcycle,
or truck: death due to crash; etc. The specimens, with
preservatives, were express shipped to American Medical
Laboratories (AML) for analysis. To provide information about the
crashes and causes of death, the project team collected FARS
reports, police accident reports, coroner and ME reports, and
special project records. From these data socurces, variables were
extracted to permit analyses addressing the research objectives.

In addition to AML's internal quality control, quality checks
were made by inserting specially prepared test specimens into the
site shipments. AML succeeded in detecting all drugs in the test
specimens. It was also found that AML's results agreed highly with
the substance detections at a field site whose own laboratory
performed comprehensive drug testing.

When FARS data became avallakle after the cbnclusion of data

collection, a sampling completeness check was made. Heavy
‘caseloads at one site precluded it from participating effectively
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in the project, but the remaining sites succeeded in obtaining
specimens from 79 percent of the drivers eligible for the study
according to FARS., Our sample was also found to closely resemble
.a FARS national population on key dimensions of age, gender,
vehicle type, time of day, etc., with the exception that our sample
slightly oversampled urban crashes.

Responsibility analysis was used to suggest which drugs
contributed to the occurrence of the crashes. The method, which
was further developed for the study, involves the rating of each
driver's crash responsibility, without xnowledge of any drug
involvement. If proportionately more drug-present drivers are
judged responsible than are those free of drugs, this is considered
evidence of drug impairment effects.

Main results.

(1) The drivers were found to comprise the following Qroups:

Drugfree ~ 42.1%
Alcohel alone - 40.1%
.Alcohol & drugs - 11.4%
1l drug, no alcchol - 4.8%
2+ drugs, no alcohel - 1.6%

Total driver sample ~ 100.0%

(2) The drug prevalence rates found were: alcohol at BAC 0.10%
or higher (42.6% of the drivers):; alcchol at BAC below 0.10%
(2.0%); cannabis (6.7%); cocaine (5.3%); benzodiazepines (2.9%);
amphetamines (1.9%); barbiturate sedatives (1.5%): narcotic
analgesics (1.2%); antidepressants (0.8%); hallucinogens (0.3%):
antiarrhythmics {0.1%); and muscle relaxants (below 0.1%). Neither
antipsychotics nor nonbarbiturate sedatives were found.

(3) Regional wvariations in drug prevalence were found.
Amphetamines were nearly exclusively found in cCalifornia, while
alcchol, cannabis, and cocaine were unusually prevalent in the
Dallas-Fort Worth area of Texas. The Wisconsin drivers were lowest
in abuse-drug detection. Also, 20.9% of urban drivers had drugs
other than alcohol in their systems, compared to 15.1% of the rural
drivers.

(4) Alcohol was found in 83.3% of the cocaine cases, 68.8% of
the THC (cannabis) cases, 66.7% of the antidepressant cases, 61.9
£ of the benzodiazepine cases, and in about half the analgesic,
amphetamine, antihistamine, and hallucinogen cases.

(5) Driver survival time was generally unrelated to drug
prevalence rates except for alcohel, whose rates declined among
drivers living longer. The time interval between death and
specimen <collection was related to alcohol and amphetamine
prevalence; delays in obtaining specimens may have elevated those
prevalence rates, apparently due to the postmortem redistribution
of drugs phenomencn.

viii



(6) The 25-54 age range was overrepresented among drivegg
involved with abuse drugs, including alcoho}. Drivers o%?iion
tended to be overrepresented among the cases 1in wh;ch‘prescr P

- drugs were detected.

n comparisons with the drugfree drivers, statistically
signiézgait elé%ations in responsibility rates were found 1in
drivers with alcohol alone and with all high-BAC-drug comblpations.
The responsibility rates of drivers with THC-only or cocaine-only
were not higher than the drugfree rates.

{B) Logistic regression analysis indicated that responsibility
rates increased significantly with the number of pon-alcohol drggs_
in a driver; this analysis controlled for potentially chfogndlng
variables. The results suggested that alcochol and drug impairment
effects were additive,

(9) An analysis contrelling for bloecd alcohol concentrgtion
suggested that an alcohol-drug additive effect may be esge01ally
important at subintoxication levels of alcohol:; however, this needs
further investigation.

(10) Among FARS-reported driver factors, speeding was
associated primarily with alcchol.

(11) Drivers who had ingested alcohol and/or drugs of abuse
presented similar patterns, dominated by the age range of 25-54,
male drivers, and drivers with at least one previous speeding or
other traffic vioclation. They also tended to use their restraint
systems less than the drugfree drivers.

Copclusions.

(1) Alcohol is still the predominant drug problem; it was by
far the most prevalent substance, it was found mainly at
intoxication levels, and drivers with alcchol in their systens had
the highest crash responsibility rates. '

(2) Drugs other than alcohol had relatively low prevalence
rates, which limited the capability of the responsibility analyses
to find impairment effects. However, there was evidence that
multiple drug use impairs drivers, and an alcohel-drug combined
impairment effect was suggested by the responsibility data.

(3) Apparent drug impairment effects (as suggested by
responsibility analysis) may be due in part to broader behavioral
patterns associated with drug use. That is, drug use may be just
one manifestation of a broader pattern of higherisk behavior, as
suggested by a history of traffic violations.

ix
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1.0 INTRODUCTION

In a 1988 Report to Congress by the National Highway Traffic
Safety Administration, it was concluded that the extent to which
drugs other than alcohol were a highway safety problem could not be
specified precisely (Compton,l988). Crash studies found that
somevhere between 10 and 15 percent of fatally injured drivers had
nonalcohelic drugs in their systems, though none of the studies was
broadly representative and the extent to which the drugs helped to
cause the crashes was mainly unknown. This situation led to the
study reported here, which exXamines druyg presence in 1,882 fatally
injured drivers from seven States. The study does not use a fully
representative national sample, but its inclusion of lccations
across the country provides an approximate national picture while
indicating regional variations. In addition, the study examines
the causal role of drugs in the crashes.

Why study fatally injured drivers, since they constitute less
than one percent of crash drivers in the United States (National
Safety Council, 1991)°7 OCne reason is that highway deaths may be
one of the more serious ceonsequences of drug use and abuse. A less
apparent reason is that a representative sample of the blood
specimens needed to study drugs in crashes is more readily obtained
from driver fatalities than from crash survivers or from a noncrash
driver population.

This study examines 44 different drugs, including cocaine and
cannabis as well as prescription drugs such as tranguilizers,
antidepressants, and sedatives. All are drugs which scientists and
highway safety experts have believed capable of impairing drivers
sufficiently to cause crashes.

1.1 Research Objectives

The ckhjectives of this study were as follows:

1 To determine nt to which potentiall Ly ]
drugs are found in fatally jpiured drivers. Here we are interested

in the question of magnitude; how prevalent are the various drugs
found in the drivers? Further, does the extent of prevalence vary
regionally across the country? And, are the various drugs found
mostly at high blood concentrations, or are they more often at
minimal 'trace' levels?

(2) To examine the role drugs play in causing fatal crashes,
This addresses the basic question: which drugs, if any, are

impairing drivers sufficiently to cause crashes? While all the
drugs examined have been judged capable of such behavioral effects,
it is only by examining crash data that we can learn whether drugs
are contributing significantly to crash causation.




(3} To clarify the circumstances of crash drug presence.

This ocbjective addresses a number of gquestions to help us
understand how the drugs are linked to crashes: Are particular
drugs found more in some age groups than in others? Do some age
groups seem more sensitive than others to the effects of drugs?
What kinds of crashes are linked with the drugs? Are any drugs
associated with particular vehicle types, c¢rash times, or road
conditions?

1.2 Background

We begin this section by considering drug prevalence rates in’
previous trash studies. Prevalence rates express tlie percentages
of drivers in whom various drugs were found. It is important to
understand that a drug's prevalence rate, by itself, implies
nothing about its impairment effects (if any) or the crash risks
- associated with it. These considerations of crash causation are
addressed in Section 1.2.3. It is also important to recognize that
studies may differ in their drug test sensitivities and in other
test factors, which may influence their reported drug prevalence
rates.

In Compton's 1988 Report to Congress, he reported four North
American studies of drugs in driver fatalities, and one study of
injured-kut-surviving drivers. From the results, Compton estimated
that drugs other than alcohol were present in 10 to 22 percent of
the drivers, with the higher figure reported in the single
injured-driver study. Cannabis (i.e., marijuana, hashish) was the
most commonly found drug, while other prominent drugs were diazepam
(valium (R)), cocaine, amphetamines, and prescription drugs
including tranquilizers and sedatives. 1In the majority of cases
where drugs were found, alcohol was also present.

Since Compton's report, researchers continued to study drugs
in crash drivers. Some examined other bodily substances in
addition to blood, which can result in inflated prevalence rates.
For example, Root (1988) reported that drugs of abuse were found in
twenty-two percent of car and truck drivers, but this figure may
have been inflated by the analysis of urine and other bodily

substances as well as blood. In descending order, the most
prominent drugs were amphetamines, cocaine, cannabis,
phencyclidine, and morphine. Another California study examined

driver fatalities in Los Angeles {Budd, Mutoco, and Wong, 1989). The
total drivers with drugs in their systems appeared to be about 28
percent, though it was not clear that detection was always in
blecod. The mest prominently found drugs were cannabis (19%) and
cocaine (B8%), while barbiturates and phencyclidine were found at
low rates (<2%). Finally, a New York City study focused on
cocaine, finding it in the blood of 20 percent of the drivers
(Marzuk, Tardiff, Leon, Stajic, Morgan, and Mann, 1990).



Drugs in injured drivers taken to a regional trauma center in
Toronto, Canada were studied by Steduto, Vingilis, Kapur, Sheu,
McLellan, and Liban (1991). They found nonalccholic drugs in 41
percent of these drivers, an unusually high rate. That was
probably inflated by reporting detection in either klood or urine.
In descending order, the drugs found were cannabis,
benzodiazepines, cocaine, morphine, barbiturates, codeine,
meperidine, diphenhydramine, and pheniramine.

As in the research reviewed by Compton, the subseguent studies
usually found that when drugs were in a driver's system, alcohol
was present in at least half the cases. 1In the Budd et al (1989)
study, for example, alcohol was present in 67 percent of the
cannabis cases and 78 percent of the cocaine cases.

It is apparent from the studies reviewed by Compton and the
later studies, that drug prevalence rates in crashes vary over time
and among the locations studied. 1In addition, variatiocns may be
caused by the bodily fluids sampled, the drugs tested for, and test-
sensitivities. These variations reinforced the need for a
comprehensive study of drivers in a geographically broad American
sample.

1.2.1 Drugs and Driver Populations

Drugs tend not to be uniformly distributed within crash driver
populations. Alcohol and other drugs are generally more prevalent
ameng young drivers and male drivers (Terhune, 1982; Donelson,
Haas, and Walsh, 1986; Marzuk et al., 1990}). Drugs of abuse seen
to be particularly prominent among motorcycle drivers (Warren,
Simpson, Hilchie, Cimbura, Lucas, and Bennett, 1981; Terhune, 1982;
Root, 1988).

1.2.2 Drug Use Trends

Crash studies conducted at various times presumably reflect
societal trends in drug use. Consequently, it is useful to briefly
exanine data on these trends.

A National Household Survey on drug use is conducted annually
by the National Institute on Drug Abuse (NIDa). The survey
revealed a declining trend in drug use during the 'eighties, with
the exception of a small peak in cocaine use in 1985 (Figqure 1.1).

To complement self-reports of drug use, trends in hospital
emergency roon episodes, i.e., overdose emergencies, are relevant.
Table 1.1 shows data from the NIDA Drug Abuse Warning Network
(DAWN) . Although these data are not wholly comparable from year to
year because of sampling variations, the data in Table 1.1 exhibit
an increase in marijuana reports from 1985 through 1987, and an
increase in cocaine reports from 1885 through 1989. In contrast, .
declines were exhibited in amphetamine, phenobarkital, and diazepam
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episodes. Thus, the NIDA National Household Survey and the DAWN
data convey opposite pictures of trends in the drugs of abuse;
cannabis and cocaine use were decreasing according to the household
study, but increasing in emergency department episodes.

A possible explanation of the apparently contradictory trends
is provided by an cobservation recently made by Robert Martinez of
the administration's Office of National Drug Contrel Policy. He
noted that the number of casual users of abuse drugs has declined
"markedly and steadily" in recent years, while "hard-core" users
have been more entrenched in their habits. He maintained that the
DAWN figures are a measurenment ¢f hard~core drug use {Buffalo News,
1992). It may be inferred that NIDA's household survey reflects
mainly casual use. Highway accidents are likely to reflect both
hard-core and casual use, and it is difficult to predict which
trend would dominate.

1.2.3 Drugs and Crash Causation

The causal role of drugs in crashes has been difficult to
establish. The main reason for this has been the lack of a
control group of on-the-road drivers, as used in the classic
Grand Rapids study of alcchol crash effects (Borkenstein, Crowther,
Shumate, Zeil, and 2Zylman, 1974). When a contrel group is
available, greater prevalence of a drug in crash drivers than in
the control group indicates that the drug raises crash risks. A
major obstacle to such a control group in drug studies is that it
reguires stopping drivers and obtaining blood specimens from a
representative sample. A less powerful but readily used
alternative method is responsibility analysis, in which each crash
driver is rated for her/his responsibility in causing the crash,
preferably without the rater's knowledge of any drug involvement.
If proportionately more drug-present drivers are judged responsible
than are those free of drugs, this is considered evidence of an
impairment effect of the drugs. This method revealed the effects
pof alcochol in several studies (Terhune, 1983), but it has not
consistently indicated impairment by other drugs. Part of the
difficulty may lie in the variations of responsibility rating
methods used, but small numbers of drug-present cases have also
been a problem. Small numbers greatly reduce the capability of
responsibility analysis to detect impairment effects.

Of the few studies using responsibility analysis, the study by
Warren et al. {1981) found evidence of impairment by cannabis,
tranquilizers, and antihistamines, among driver fatalities. No
statistical significance was indicated, however. Terhune (1982)
found statistically marginal evidence that cannabis was impairing
injured drivers. Williams et al. (1985) found no evidence that
cannabis contributed to the crashes of fatally injured young male
drivers, but they did find that responsibility rates increased with
multiple drug use.



In the injured-driver study by Stoduto et al. (1991) cited
above, it was found that single-vehicle accidents constituted 32
percent of the crashes of the drug-present drivers, compared with
only 20 percent of the drugfree drivers. Researchers generally
judge drivers in single-vehicle accidents to be responsible for
their crashes, so the results suggest that the drug-present drivers
had responsibility rates much higher than the drugfree drivers,

Quite different in approach was a study by Ray, Fought, and
Decker (in press). Instead of assaying drugs in the body fluids of
crash drivers, they determined risks of an injurious crash for
drivers who had received prescriptions for various drugs. They

used prescription and crash records of 16,262 elderly (65-84) -

drivers in Tennessee. Within this group, the relative risks found
were: 1.5 for any psychoactive prescription drug; 2.2 for cyclic
antidepressants; 1.5 for bbenzodiazepines: and 1.1 for
antihistamines or opiod analgesics. The relative risks were as
high as 5.5 for high dosages of antidepressants. To put these
figures in perspective, a relative risk of 1.5 to 2.0 is associated
with a blood alcohel concentration (BAC) of around .06%, while a
5.5 relative risk resembles alcohol effects at concentrations above
.10% (Hurst,1970). : .

1.3 The Value and Limitations of a Driver Fatality Study

To conclude this Intreoduction, it is useful to review what a
study of drugs in driver fatalities can and cannot accomplish. The
first advantage is one that epidemiclogical (crash) studies
generally have over experimental ones. While experimental research
(using a driving simulator, closed-course driving, or other
controlled situations) is wvaluable for showing impairment
capabilities of a drug, a crash study can reveal {(a) the actual
extent of drug involvement in accidents, and (b) whether the drug
concentrations are at sgignificant levels. Second, a driver

fatality study has the previously noted advantage of addressing the

most serious outcome i.e., deaths, that drugs may have. Third, a
driver fatality study is generally able to include a far higher and
more representative proportion of a population of drivers than can
an injured-driver or neninjured-driver study. The latter reguire
veluntary cooperation of drivers, which can significantly reduce
the completeness and representativeness of a sanmple.

On the debit side, driver fatality crashes provide a very
restricted view of the total crash scene. The conditions and
causes of fatal crashes may be very different from those in less
severe crashes, and it is possible that drugs play a larger rele in
the latter. Second, the dominance of alcohol in fatal crashes can
make it difficult to discern the particular contribution of drugs:
when drugs are found in a driver fatality, alcohol is frequently
found, at intoxication levels. Third, driver fatality samples are
generally found to have very high responsibility rates, even among
drugfree drivers. For drug effects ¢to be statistically
significant, the drugs must have extremely high responsibility
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rates, substantial prevalence rates, or both.

Finally, it is important for the reader to understand that if
responsibility analysis indicates that a specific drug is net
contributing to fatal crashes, this does not imply the general
conclusion that it is safe for anyone to drive after ingesting the
drug. The hazards for an individual will depend on the dosage
taken and the individual's response to the drug.

In summary, a driver fatality study has excellent capability
to reveal the extent of drug prevalence in the most serious king of
crash, but its capability to reveal drug causal effects is more
limited. That was the opportunity and the challenge of this study.



2.0 THE DRUGSE OF INTEREET

The objectives of this study required that we examine a highly
comprehensive list of the drugs thought capable of causing crashes.
Determining drug presence comprehensively (the first objective)
required the ability to capture many if not most of the drugs that
the drivers had ingested. To study causal contributions of drugs
(the second study objective), the responsibility analysis required
a control group of drivers who were "drugfree." Clearly, the
contrecl group could only be shown "free" of the drugs tested for,
which again argued for a comprehensive drug list.

In developing the drug test 1list, we began with a
NHTSA-provided list of 55 different "drugs of interest," including
29 of "most interest." In submitting the list tc candidate assay
laboratories, we found that the analysis costs would well eXceed
the funds. Consequently, we sought to eliminate drugs of the least
importance, add others if warranted, and establish an order of
importance for the drugs on the list. "Importance" was
cperationally defined as the product of (a) estimated prevalence of
a drug and (b) its ability to impair drivers. Estimated prevalence
was determined through a literature review of recent studies, from
medicinal drug sales data, and reports of NIDA's brug Abuse Warning
Network. Impairment capability was more loosely evaluated through
ratings of a panel of experts participating in a NHTSA-sponsored
drug workshopr (Joscelyn and Donelson, 1980). These data sources
were supplemented by contacting thirteen experts on drugs and
highway safety across the United States. This group included
research scientists, officials in drug abuse centers, law
enforcement officials, and toxicologists in the States scheduled to
participate in the data collection., They gave their
recommendations of the drugs to be included and estimates of drug
prevalence rates based on their experience.

In selecting the individual drugs, it was necessary to
consider their assay costs. While processes have been developed to
efficiently provide screenings for entire classes of drugs, a few
drugs of interest were so costly to assay that they were omitted
from the test 1list. {The main example here is triazolam, a
tranguilizer.) At the same time, a few drugs of lesser importance
were included because they would be captured, at no extra cost, by
the screening processes for the more important drugs. (These
"add-on" drugs were mainly antidepressants, antipsychotics, and
antiarrhythmics.) Interested readers will find in Appendix A a
more detailed description of hew the drug test list was
established.

The drug test list is shown in Tabkle 2.1. It includes the
main drugs of abuse found in previcus studies: alcohol, cannabis,
cocaine, amphetamines, and opiates, as well as the hallucinogens
phencyclidine (PCP) and lysergic acid diethyliamide (LSD). Alsoc on
the list are important prescription drug classes: benzodiazepines
(minor tranguilizers including diazepam), barbiturate sedatives,
nonbarbiturate sedatives, and others.
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vbstance

Atcchol (ethsnol)
Cannabis

Haliucinogens
Phencyclidine

Lysergic acid diethylamide
Benzodiazepine Tranquilizers

Diazepam
lLorazepam
Flurazepam
Alprazolam
Oxazepam
Chlordiazepoxide
Barbiturate sedatives
Phenobarbital
Secobarbital
fButabarbital
Butalbital
Pentobarbital
Amcharbital
CHE Stimulants
Cocaine
Amphetamine
Methamphetamine
Caffeine
Non-barbiturate sedatives
Ethchlarvynol
Methagqualone
Meprobamate
Antihistamines
biphenhydramine
hydrochloride
Chlorpheniramine
Antidepresgants
Amitriptyline
Imipramine
Boxepin
Flugxetine
Rarcotic Amalgesics
Meperidine
hydrochleride
Methadone
Propoxyphene
Oxycodone
Codeine
Morphine
feroin
Antipsychotics
thiorpromazine
Thioridazine
Mesordiazine
Antiarrhythmics
Quinidine
pProcainamide
L idocaine
flecainide
Muscle relaxant
Cyclobenzaprine

Table 2.1
The Drugs Studied

xampies of Trade Nsmes or Street Name
i, Names

booze, juice, sauce

pot, ganja, grass, weed, mary jane

PCP, angel dust
LSD, acid

Valium{R)
Ativen{R}
Daimane{R}
Xanax{R)
Serax{R}
Librium({R)

Barbita(R)
Seconal (R}
Butiscl(R)
Sandoptal(R)
Hembutal(R)
Amytal(R)

coke, blow, snow, nose-candy
speed
meth, crystal meth

.............

Placidyi{k)

. SyaaludelR)}

Equani{{R}, Miltown(R)

Ingredient of Benadryl(R), Diahist(R), Nytol(R), Sominex(R}

Ingredient of Chlortab(R), Chior-Trimeton(R)

Elavil(R), amitril(R)
Trofranil(R}
Adapin(R)

Prozac(R}

Demerol (R)

Dolophine(R)

Darvon(R)

ingredient of Percodan(R)
M, white stuff

H, smack, horse, junk

Thorazine{R)
Meilarii{R)
Serentil{R)

Cin-Quin(R), Quinore(R)
Promine(R)

YXylocaima(R)
Tambocor(R)

Flexeril(R), Lisseril{R)
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There are various ways by which the drugs may impair driving

'skills: decreasing alertness, degradation of motor skills, reducing

visual acuity, disinhibition with attendant increase in
risk-taking, slowing reaction time, degradation of judgment and
decision-making, and so on. While experinental research has
revealed performance decrements caused by specific drugs, the
linkage of these decrements to crash risks in the "real world*® has
been difficult to establish. For the interested reader who wisghes
to know more about the effects of drugs in our test list, a brief
review is provided in Appendix B.
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3.0 RESEARCH DESIGN AND METHODOLOGY

Preliminary Note: This chapter is intended for the readers
who want only a summary description of the procedures used.
Scientific readers who need more detail will find it in the
.appendixes. <Casual readers may wish to read only the Overview
paragraph below, then skip to Chapter 4.

* * *

Overview: The research plan of this study called for the
collection of blood specimens from fatally injured drivers meeting
our sampling criteria within selected States. - The sampling
criteria were intended to select crashes in which drugs could have
played a causal role, while alsoc enhancing chances of finding any
drugs that were affecting the drivers at the moment of their
crashes. Sampling sites included three entire States
(Massachusetts, North <Carolina, and Wisconsin) and selected
counties from California, Nevada, Texas, and Virginia. These sites
were chosen to achieve broad regional representation and for their
previously demonstrated ability to provide blood alcohel data to
the Fatal Accident Reporting System (FARS). Data collection was
planned for approximately one year, during which blood specimens
were to be collected from as complete a driver sample as possible.
These specimens were express-shipped to our assay laboratory, where
they were analyzed for all drugs on our test list. To provide
information about the crashes and cause of death, the project team
cocllected FARS reports, ©peolice accident reports {PARS) ,
coroner/medical examiner reports, and certain records created
specially for this research. From these data sources, variables
were extracted teo permit analyses addressing the research
objectives. The data were encoded and entered into an automated
database, which was used for statistical analyses. The central
analyses were (a) the generation of drug prevalence rates for each
sampling site and for the entire sample, and (b) responsibility
analyses to suggest which drugs contributed to the occurrence of
the crashes.

Details of these procedures are provided in the sections that
follow. They discuss these topics:

o The driver sampling plan

o The data collection system

=] Blood assay procedures

o The responsibility analysis method

12



3.1 The Driver Sampling Plan

NHTSA initially suggested a sample of 2550 drivers for our
consideration. With this figure as a guideline, we performed a
' statistical power analysis to determine a sample size that would be
capable of (a) estimating drug prevalence rates within a few
percentage points, and (b) detecting a drug—assqciated driver
responsibility rate that was at least 10 percent higher thaq t@e
rate for drugfree drivers. A description of the power analysis is
provided in Appendix D. Our conclusions from this effort were as

follows:

(1) The targeted sample of 2,550 drivers would be able
tc estimate drug prevalence rates within plus or
minus 1 percent, an acceptable level.

(2) Because a driver-fatality sample is expected to
have very low prevalence rates of drugs present by
themselves, the target of 2,550 drivers has minimal
ability teo reveal impairment effects of individual
drugs other than alcohol, when using responsibility
analysis., Even a 3500-driver sample appears
capable of detecting drug effects only under
best-scenario conditions, e.g. a &rug present by
itself at a minimum prevalence rate of 5 percent
and a minimum responsibility rate 10 percent higher
than the drugfree rate.

(3) A 2,550-driver sample has a somewhat greater
possibility of detectinyg impairment effects of
alcohol~drug combinations than of drugs present by
themselves.

These conclusions were discussed with the NHTSA staff
overseeing the project, and it was decided that the original target
of 2,550 drivers was acceptable. It would more than adequately
meet the objective of estimating drug prevalence rates. While that
sample size would only marginally meet the statistical needs for
responsibility analysis, a sample significantly improving that
capability would have to be at least twice as large. That sample
size was considered prohibitive in its acquisition and assay costs,
as well as in the size and complexity of the data acquisition
system that would be needed. Consequently, plans went forward for
obtaining a driver sample of approximately 2,550 drivers.,

3.1.1 Driver Eligibility Criteria

The objective of using driver screening criteria was to obtain
a sample of fatally injured drivers (a) whose crashes could have
been the result of drug influence, (b) from whom useful blood
specimens were available, and (c¢) who represent the predominant
driver groups on the road. The criteria are shown in Table 3.1 and
are explained below.

13



Table 3.1

Driver Eligibility Criteria

A driver fatality was included in the study only if it met all
the following sampling criteria:
(1) Driver of a car, motorcycle, or truck.
(2) Driver age 1% years or older.
(3} Crash vehicle was in transport.
(4) Driver died within 4 hours of crésh.
(5) Blood specimen was taken within 96 hours after death.
{6) Uncontaminated blood specimen available.

(7) Death not due to suicide, homicide, or natural causes.

14
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Driver of a car, motorcyvcle, or truck. These are
the predominant vehicles on the road, and they
include light trucks (pickups, vans, and utility
vehicles). :

Driver age 15 vears or olgder. This criterion
excludes unusually young drivers, who would likely
be driving illegally and in very atypical
situations. _

Crash vehicle was in transport. This means that

the vehicle was in motion, operated by a driver. .
Drivers of parked vehicles were excluded because
their driving behavior could not be a cause of the
crash. Included, however, were vehicles stopped
momentarily while in transport. .

DPriver died within 4 hours of crash. This
criterion is a compromise between competing

considerations. On the one hand, it .is desirable
to include drivers who died in the crash or shortly
thereafter, <o minimize <the opportunity for
metabolism and absorption processes to reduce the
concentrations of drugs to nondetectable levels.
Oon the other hand, including only drivers who died
within an hour of the crash would, according to
FARS data, exclude around 40 percent of all driver
fatalities. Not only would this make it more
difficult to obtain the desired sample s=size, it
could introduce serious sample bias.

Most previous drug studies sampled only drivers who
died within one or two hours of their crashes. The
decisicn to deviate from this common practice was
made only after an in-depth review of literature on
drug time-dosage-concentration relationships and
conferring with pharmacological experts.

Blood specimen available within 96 hours after
death. Like the previous criterion, this one was

established only after extensive ‘discussion,
including careful consideration of the trade-offs,
To minimize evaporation of volatile substances ang
clotting of blood, a specimen taken within a few
hours of death is preferable. However, some of the
corcner and medical examiner offices reported that
backlogs develop in processing 'incoming fatalities
during peak demand periods, especially on weekends.
They expressed the need for a 96-hour time limit,
in order not to lose a significant number of
ctherwise eligible cases. This was allowed after
conferring with the toxicolegists at American
Medical Laboratories. Their opinion was that the
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96-hour limit was tolerable, and they increased the
sensitivity of their benzoylecgonine test to better
the chances of cocaine detection. The field sites
agreed to refrigerate the cadavers if the blood
specimens couldn't be taken immediately.

© Uncogtamlnatgd blood specimen avajlable. only
blood specimens that are not mixed with other

bodily fluids or foreign contaminants were desired,
for they could produce misleading or incorrect drug
assay results. In practice, <this criterion
necessarily relies on appearances and the judgment
of the person taking the specimen. Because crash
fatalities may have severe trauma and internal
injuries, it may not always be possible to obtain a
specimen that assuredly meets this criterion.

o Death not_ due to sﬁicide, homicide, or natural

causes. Given the objective of determining whether
drugs cause crashes through impairment, these kinds
of fatalities are irrelevant. During the study,
all three kinds of disqualifying deaths cccurred at
cur sample sjites.

Where possible, screening on these criteria was made at the
sample sites, which were provided the explicit criteria in writing.
All site staffs were instructed to obtain a blood specimen if there
was any doubt about any criterion. This would occur, for example,
when there was initial uncertainty concerning a victim's role as a
driver or passenger. A similar sjituation obtained when cause of
death was not established until later. In all cases, the final
determination of case ellglblllty was made by the Calspan project
staff. This was done by reviewing the police accident reports (to
determine, for example, the type of vehicle and whether the victim
was a driver), the coroner/medical examiner reports (to determine,
for example, the cause of death), and other case documents.

It was our expectation that all eligibility determinations
could be completed within a maximum of two months, allowing for
delays in arrival of case documents from the field sites. However,
coroner or other reports were sometimes unavailable as long as six
months after a crash.

3.1.2 site Belection

Prior to award of this contract, NHTSA had made preliminary
contact with several States and had suggested five as candidates
for participation in this study. The develcpment of our sampling
plan began with this list. It was modified as necessary after
initial discussions evaluated the capability of the sites to meet
our operational needs. 1In adding new sites, an effort was made to
achieve regional diversity. A strict probablllty sample of all
U.S. driver fatalities was not intended, since feasibility

16



considerations limited ocur choice of qampiing sites (a) to those -
having demonstrated the needed capabilities, and (b) to a

manageable number for system monitoring.

The site selection process involved a review of the most
recent FARS blood alcohol data from each State. It was felt that
any State that had demonstrated the capability for obtaining blood
alcohol tests on 85 percent or more of fatally injured drivers for
the FARS system was a good candidate to participate in this study.
The alcohol tests recquire (a) that blood be properly drawn from
fatally injured drivers (b) that the blood be appropriately stored,
and (c) that the integrity of the specimen be maintained in
transmittal to a test laborateory. The FARS records showed that
about half the U.S. States met the 85 percent criterion. :

With the NHTSA-provided list and the FARS data, the candidate
sampling States were contacted by telephone and in-person visits to
evaluate site capabilities in relation to cur data acquisition
needs, It was found that States vary in the degree of central-
ization by which they assign responsibility for obtaining and
‘analyzing driver blood specimens: it may be assigned to individual
counties (as in California), to districts comprising several
counties (as in Virginia and Massachusetts), or to the entire State
(as in Wisconsin and North Carclina). These variations mandated
that we would work with county personnel, with district perscnnel,
or centralized State personnel in obtaining our blood specimens and
coroner/ME reports. Each specific location or agency assuming
responsibility for sending specimens and coroner/ME repeorts became
a sampling “site".

The States also varied according to whether (a) the blood
specimens were collected by individual coroners and shipped to a
central location for analysis, or (b) both the specimen acquisition
and analysis were performed at the central location. The latter
generally occurred in States which perform autopsies on driver
fatalities at one or more autopsy centers within the State. The
implication for our project operation was that only at the latter
would our project staff routinely interact with the people drawing
the blood specimens, allowing a closer degree of monitoring of the
specimen acquisition process. For this reason, preference was
given to selecting autopsy-center types of sites,

Because of the variations of within-State systems, it was
feasible and cost-effective to obtain blood specimens from entire
States in some instances, and from parts of States in others.
Thus, our final sampling system comprised the complete States of
Massachusetts, North Carolina, and Wisconsin, selected counties
from California, Nevada, and Texas, and the large Northern District
of Virginia. Since there were fregquently several sampling sites
within a State, there was a total of 13 sites The map in Figure
3.1 shows their locations. -

For each o©f the sites, the expected number of cases was
estimated from their record of providing FARS with blood alcohol
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data. It should be noted, however, that the FARS data are based on
where the crashes occurred. Because traffic victims may be
transported to nearby adjacent counties or States, and subsequently
processed by the coroners or medical examiners there, the FARS data
do not exactly show the cases handled by the ceoreners or medical
examiners within a county or State. Table 3.2 lists the initially
estimated contribution of each site to the sample.

Because our site selection was heavily influenced by
considerations of 1logistic feasibility and effectiveness, the
sanple should be considered "a sample c¢f convenience.® As
previously noted, however, effort was made to achieve a sample with
sufficient reglonal diversity to at least approximate a national
sample. ‘It included States from the East Coast, tlie West Coast,
the North Central region, and South Central U.s., and it
encompassed both urban and rural environments. In Chapter 4, our
achieved extent of national representativeness is detailed.

At each of the 13 sampling sites, a person was designated by
the responsible chief coroner or ME to be the Site Coordinator for
the drug study. These pecople were our primary site contacts during
the study. Usually, however, there were others who also assisted
in obtaining blood specimens and providing documents. In Wisconsin
and North Carolina, for example, these included the individual
coroners distributed across each- State.

In addition to the sampling sites, we dealt with the FARS
offices in each of the seven participating States. There is one
FARS coffice per State, and each of these had a person designated as
our contact for the study It was through this person that we
obtained the needed PARs and FARS reports.

3.2 The Data Ccllection System

A system was designed to acquire the needed drug and crash
data, and to monitor all steps in the procedures. Necessarily it
was a complex one, comprising various subsystems. The five major
subsystems were: ’

o Specimen acguisition system. This ie the system

comprising all the coroners, medical examiners, and
their .staffs participatlng in the c¢ollection of
blood specimens. The specimens were collected in
tubes containing sodium fluoride preservative, and
express-shipped to the assay laboratory. The
coroners/MEs alse provided copies of their own
reports on each driver fatality (coroner reports,
death certificate, etc.) as well as forms completed
specially for this project. This system in turn
had several subsystems, comprising the components
and procedures "tailor-made" to fit the particular
requirements of each site.
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Table 3.2

Sampling Yields Initially Projected

No. Cases

Originally
Site Projected*
California
Alaneda County 53
Los Angeles County 470
San Bernadino County 189
San Diego County 156
Solano County ' 25
Massachusetts 268
{(Entire State) '
Nevada
Washoe County 29
North Carolina 646
(Entire State)
Virginia
Northern District : 99
Texas
Dallas County 128
Tarrant County 99
Wisconsin
Milwaukee County 46
Rest of State 305
Total : 2517

*Based on FARS data, which may not reflect the exact numbers of
cases processed by coreoners or medical examiners within a county
or State.
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o Crash data acouisition system. This system
comprised the FARS offices in each participating
State. They provided copies of the police accident
reports (PARs) and FARS reports on each fatal
crash. These two reports contained 2ll the needed
informaticon about the crash and c¢rash conditions,
including the reporting officer's description.
Variations of this system were required to
accommodate the particular organization of FARS
offices in each State and the way in which they
would coordinate with the medical examiner offices
to identify project cases.

o Drug assay system. This system comprised three
laboratories. The prime one was Amer%can Medical
Laborateories, 1Inc., of Fairfax, Virginia. They

performed the drug assays on all the specimens and
transmitted the reports to Calspan. The other two
laboratories were the Quality Assurance Service
Corporation of Augusta, Georgia, and the Chemical
Toxicoclogical Institute of Foster City, California.
They were used in checking accuracy of the assay
results, using specially prepared test specimens.

o Monitoring system. To keep track of operations in
the above systems, and to coordinate among them,
Calspan operated the monitoring system. This

involved ceontinuous interaction with coordinators
for the corcner/medical examiners, the FARS
offices, and the assay laboratory. To monitor the
status of all cases and supplies, the staff
employed two computerized databases: the Case
Monitoring Database and the Site Supply Database.

o Case preparation system. In operating this system,
Calspan logged in all field documents and assembled
them. The staff determined case eligibility and
encoded information from the field documents into
the needed study variables; these data were then
entered into an automated database where final
guality checks were made preparatory to data
analysis.

Figure 3.2 illustrates how each case began with a driver
fatality and was completed when its data forms were in final
storage. Sometimes, a case became a "noncase" when it failed to
meet the sampling criteria and was deleted from the system.

Details of the data collection operations are provided in
Appendix D.
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3.3 Drug Detection Procedures

"Whole blood was selected as the specimen fluid because

psychoactive substances found in the blood are more likely to have
" affected driving performance at the time of the crash than are
substances detected in other fluids such as urine. In addition,
parent drugs found in blood are more likely to indicate recent
ingestion.

While many laboratcries are capable of testing for drugs in
urine specimens, a much smaller number have the capability eof
performing blood assays in the volume required for this study.
From among the gualified candidates, the American Medical
Laboratories (AML) were selected to analyze our specimens. They
determined the assay methods to be used for the parent drugs of
interest, and they also chose the metabolites to be tested for.

3.3.1 IJdentifying the Drugs

The general procedure for assaying each of the substances
began with highly sensitive screening tests, which signal the
presence of particular drugs or drug classes. For example,
radioimmunoassay (RIA) was used to identify the presence of
cannabinoids, the chemical constituents of Cannabis sativa and
their metabolites. The screening tests may have false positives by
reacting to irrelevant substances, so they were followed by
confirmation tests, which identify particular drug molecules. For
example, after a positive cannabinoid screen on a specimen, the
presence of tetrahydrecannabinol (THC) or carboxy-THC was
determined by gas chromatography and mass spectrometry. At the
same time, the concentrations of the substances were measured, in
nanograms (billionths of a gram) per milliliter.

Table 3.3 shows the assay methods used for each substance in
the test 1list, Notice <that the sensitivity, or detection
threshold, is specified for each substance. These thresholds
result from the particular methods used and AML's calibrations.
The sensitivity limits are critical considerations, because the
tests should be able to detect blood concentrations resulting from
dosages moderately below those normally taken. Further, the drugs
should be detected for a few hours after ingestion, a period during
which concentrations usually peak and decline. AML's test methods
are described in more detail in Appendix E.

Notice that the list in Table 3.3 includes eleven substances
designated as metabolites. These are compounds produced by
metabolism of the originally ingested substances, called “parent"
drugs. When metabolite tests are included in drug assays, it is
usually for one or both of the following reasons:

(a) The metabolite ig more likely to be detected than
the parent drug. This will be the case when the

parent substance is so rapidly metabolized that
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Substance

Aleohol (ethanol}
Eannabinoids
Delta 9 tetrahydrocannabinol (THC)
Carboxy THC (metabolite)
#allucinogens
Phencycl idine
LSD
Benzodiazepine Tranquilizers
Diazepam
Nordiazépam (diaz. metab.)
Lorazepam
Flurazepam
DPesethylfiurazepam (fluraz, metab.)
Alprazolam
Oxazepam
thlordiaszepoxide
Desmethyichlordiazepoxide
(chlordiaz. metab.)
Barbiturate sedstives
Phenobarbital
Secobarbital
Butabarbital
Butalbital
Pentobarbital
Amoberbiteal
Eentral Nervous System Stimulsents
Cocaine
Benzoylecgonine (cocaine metab,)
Amphetamine
Methamphetamine
Caffaine
Non-earbiturate sedatives
Ethehlorvymol
Methagualone
Meprobamate
Antihistamines
Piphenhydramine
hydrochloride
Chlorpheniramine
Antidesressants
Amitriptyline
Noertriptyline (amitrip. metab.}
Imipramine
Desipremine {imipramine metab.}
Doxepin
Desmathyldoxepin {dox. metab.)
Fluoxetine
Norfluoxetine (Fluox. metab.)
Narcotic Analgesics
Meperidine
hydrochloride
Methadone
Propoxyphene
Korpropexyphene (propex. metab.}
Oxycodone
Codeine
Morphine
Heroin

Table 3.3
Substences Assayed for, Tests Used,
and their Sensitivities

Screening Test

Confirmation/Quantitation Test

Test Used Sensitivity
GC/FID 0.005% w/v
RIA 13 ng/mi
RIA 13 ng/mi
RIA 12.5 ng/ml
RI1A 0.5 ng/mi
RIA 100 ng/mi
RIA 100 ng/ml
RIA/GC/MS 50 ng/mt
RIAJGC/HS 50 ng/mt
RIA/GC/MS 50 mg/mt
RIA/GC/MS 50 ng/mi
RIA/GC/MS 25 ng/mt
RIA/GC/MS 50 ng/mi
RIA/GC/MS 50 ng/mi
R1A 1000 ng/ml
RIA 1000 ng/mt
RIA 1000 ng/ml
RIA 1000 ng/ml
RIA 1000 ng/ml
RI1A 1000 ng/ml
RIA/GC/MS 50 ng/ml
RIA/GL/MS 50 ng/ml
RIA 50 ngsml
RIA 15¢ ng/mi
GC/MS 20,000 ng/ml
Spectrophotometry 50 ng/ml
GLC/MS 50 ng/mi
GLIMS 1000 ng/smi
GC/MS 20 ng/mi
GC/NPD S0 ng/ml
GC/MS 50 ng/ml
GL/MS S0 ng/ml
GC/MS 50 ng/ml
GC/MS 50 ng/ml
GC/MS 50 ng/ml
GC/MS 50 ng/ml
GC/MS 50 ng/ml
GC/ME 50 ng/ml
GC/MS 50 ng/ml
GC/MS 50 ng/ml
GC/MS 100 ng/mi
GC/MS 100 ng/m!
GC/MS 50 ng/ml
RIA/GC/MS S0 ng/mi
R1A S0 ng/m!l
RI1A 50 ng/mi
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Test Used Sensitivity
GC/FID 0.005% w/v
GC/MS 1 ng/ml
GC/MS 2 ng/ml
GC/MS 5 ng/mt
HPLC 8.7 ng/ml
GC/ECD 100 ng/ml
GC/ECD 100 ng/ml
GC/ECD 5 ng/mi
GC/ECD 20 ng/ml
GC/ECD 20 ng/ml
GC/ECD 5 ngsml
GC/ECD 20 ng/ml
KPLE 100 ng/ml
WPLC 100 ng/mt
GC/MS 100 ng/mi
GC/MS 100 ng/ml
GC/MS 100 ng/ml
GC/MS 100 ng/mi
GC/MS 100 ng/ml
GC/HS 100 ng/ml
GC/MS 50 ng/ml
GC/MS 10 ng/ml
GC/MS 50 ng/ml
GC/MS 50 ng/ml
HPLL 20,000 ng/ml
GC/MS 50 ng/ml
GC/MS 50 ngsmi
Spectrophotometry 1000 ng/ml
GC/MS 20 ng/ml
GC/MS 50 ng/mi
HPLC 5 ng/mt
WPLE 5 ng/mt
HPLE 5 ng/ml
HPLE 5 ng/mi
HPLC 5 ng/ml
HPLC 5 ng/ml
HPLE 5 ng/ml
HPLC 5 ng/sml
GLC/MS 50 ng/ml
* GL/MS 50 ng/ml
GE/MS 50 ng/ml
GC/MS 50 ng/ml
GC/MS 30 ng/ml
6C/MS 10 ng/ml
GC/MS 50 mg/ml
GC/MS 50 ng/smi



Substance
Antipsychotics

Chiorpromazine
Thioridazine
Mesordiazine
Antiarrhythmics
ouinidine
Procainamide
© W-Acetylprocsinamide

(Procainsmide metab.)

Lidocaine
Flecainide

Buscle-relaxant
Cyclaobenzaprine

GC
RIA
Flp

ECD
KPLC

{Continued)

Table 3.3

Screening Test

Jest Used

GC/MS
GC/ME
GC/MS

GC/mMs
GC/MS
GL/ME

GC/MS
GC/MS

GC/MS

Sengitivity

gas Chromatography
radipimmunoassay

flame ionization detector
mass spectrometry
electron capture detectar

high pressure liquid chromatography
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100 ng/ml
100 ngs/ml
100 ng/ml

500 ng/ml
SC0 ng/ml
500 ng/ml

10¢ ng/ml
200 ng/ml

50 ng/mi

Confirmation/Quantitstion Test

Test Used

HPLL
HeLC
HPLC

Immuncassay
Immuncassey
Imunoassay

Immunoassay
HPLC

HPLC

Sensitivity

10 ng/ml
10 ng/ml
10 ng/ml

100 ng/ml
S00 ng/ml
500 ng/mlt

200 ng/ml
100 mg/ml

10 ng/ml



chances are much better of finding the metabolite.
It may also be the case that available assay
methods are more capable of detecting the
metakolite than the parent drug. Benzoylecgonine
(metabolite of cocaine) and norpropoxyphene
(metabolite of propoxyphene) are on our test list
because they are more likely to be detected than
their parent drugs. The specimens were also
analyzed for the presence of the parent drugs.

(b) The metabolite is active. Some metabolites such as
benzoylecgonine are inert, while others are
important to detect because they can have
psychological or physical effects that could impair
driving. The effects may be similar or different
from those of the parent. Active metabolites on
our 1list are nordiazepam, desethylflurazepam,
nortriptyline, nordoxepin, norfluoxetine,
desipramine, desmethyldoxepin, and
n-acetylprocainamide.

Conversely, if a parent drug is usually detectable, and its
metabeclites are not known to contribute substantially to
psychoactivity, the metabolites are not routinely measured. Also,
a psychoactive but difficult-to-detect metabolite may not be tested
for if the parent is more readily detected. Reflecting the
complexities of biochemical processes, scme substances can be
either a parent drug or metabolite.

In preparing the drug data for analysis, algorithms were
written to identify parent drugs from the specific substances found
in the blocd specimens. These algorithms were based on the
metabolité and parent drugs detected. Because of the complex
reldtionships that may obtain among the substances, it was
sometimes necessary to incorporate "best bet" inferences in these
algorithms. For example, if codeine and morphine were both present
and the codeine/ morphine ratio was less than 0.1, then morphine
was identified as the parent drug present. It was sometimes
necessary, however, for some ambiguity to remain in the
identification of a drug. For example, when amphetamine was found
in a specimen but methamphetamine was not, then the drug was simply
identified as the amphetamine group. The algorithms are presented
along with the programs for other derived variakles in Appendix H.

3.3.2 Assay Quality Checks

The basic quality control on the assay procedures was
performed by AML, as part of their standard procedures. In
addition, independent guality checks were made by Calspan. They

are described here. _

The main gquality check involved the preparation of 52 test
specimens spiked with prespecified concentrations of selected drugs
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of interest. They were not distinguishable from the cother study
specimens and were inserted into the shipments from one of the
sites. AML's assay reports for these specimens were compared with
those of another labcratory, the Chemical Toxicological Institute
of California. The results were very satisfactory. AML jidentified
all spiked substances except in one instance when spiked
phencyclidine was found by AML at a level below their sensitivity
limit, and they properly reported the substance as not detected.
The variances in AML's reported concentrations also appeared
satisfactory. A detailed report of the quality check is presented
in Appendix F.

A secondary check on AML's analyses was made by comparing
their results with findings from San Bernadino County's
toxicological laboratory. San Bernadinc performed the most
extensive drug testing of the field sites. As Figure 3.3 shows,
there was satisfactory agreement on the prevalence rates.

Another secondary check made was with the BAC results provided
by the Madison, Wisconsin laboratery. A Pearson correlation of
0.99 was found between the Wisconsin readings and AML's, an
excellent result. :

3.4 The Responsibility Analysis Method

One of the ceontract reguirements was to select, develop and
apply a responsibility analysis methoed for detecting drug
impairment effects. We had reviewed various methods of
responsibility analysis in a previous publication (Terhune, 1983),
50 that effort was updated for this project. More recent studies
found to use responsibility analysis were by Williams et al (1985)
and Donelson, Haas, and Walsh (1986). The first of these rated
driver responsibility on a two-point scale, while the second used
a three-point scale. Both provided some evidence of validity (an
increase of responsibility rates with BAC), and the Donelson et al.
method evidenced high test-retest reliability on a small sample (39
drivers). Limited information was available on how to use the two
methods. Since there was no compelling reason to choose either of
these methods over the 5-point scale we employed in a previous
study for NHTSA (Terhune, 198B2), we decided to build on our
previous work. In so doing, we performed the following:

(1) A coding manua) was developed. It clarifies the

meaning of the responsibility scale, it presents
explicit definitions of terms, and it gives coding
guidance for particular kinds of crashes. It also
provides practice cases and their responsibility
codes. The responsibility scale is shown in Table
3.4.
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Table 3.4

Explication of the Crash Responsibility 8cale

(4) Responsible -- Actions of the subject driver-vehicle created
the critical situation.

(3) Responsible/contributory == Driver had some responsibility,
but it is not clear whether he was responsible or
contributory. :

(2) Contributory -- Another vehicle or agent created the critical
situation, but the subject driver could have avoided the crash
by a normal evasive maneuver or by driving defensively or by
giving a warning signal (e.g., horn, flashers)

{1} Contributory/neither -- At most, the driver's responsibility
was only contributory.

(0) Neither respeonsible nor contributery =-- Driver had no
responsibility for the accident.

(8) Unknown == Information is insufficient for rating
* responsibility. Score when driver may be fully responsible or
not responsible at all. Use rarely. :

Definitions

Agent -- The precipitator, animate or inanimate, of an event: may
be another vehicle, a person (e.g., pedestrian), an animal, or
a natural phenonmenon such as a tree falling on the road.

Critical situation =-- A condition in which a crash is imminent,
though it may still be aveidable. (Note: Lack of defensive
driving does not in itself define a critical situation.)

Defensive driving =~- Driving so as to minimize chances of a
critical situation develeoping.. Consists of maintaining
alertness, anticipating possible hazards, taking precautionary
actions. Examples are: sounding one's horn when a vehicle
encroaches on one's travel lane; slowing and watching for
crossing vehicles at a yellow blinker light; slowing when a
pedestrian appears about to cross the street.
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(2) Coding reliability and validity were evaluated with
the refined technigue. Reliabilijty was assessed

via intercoder agreement when different coders
independently coded the same cases. Three
different coders were employed in this task. It
was found that after an initial practice on 40
cases, intercoder correlations averaged above 0.90.
Validity was demonstrated by showing that
responsibility rates increased systematically with
BAC. (Further evidence on this is provided with the
results in Chapter 5.)

(3) Theoretical aspects were developed. The theoretical:

. considerations underlying the notion of c¢rash

responsibility were discussed and related to
concepts of causation.

These three products were incorporated into "A User's Guide to
Rating Crash Responsibility," which is presented as Appendix G of
this report.

Two trained coders did.the coding of driver responsibility in
all the cases of the study. The cases were assigned in
approximately randem fashion, and each coder rated respeonsibility
in half the cases. To evaluate.the consistency of their coding
over time, the coders exchanged 50 cases and recoded them at
approximately three-month intervals. Their agreement on each set
was measured by the Pearson correlation coefficient of their
ratings. Table 3.5 shows the very high correlations maintained.

3.5 Database Assemhly

Needed infermation about the cases came to Calspan from the
various field documents, and this information was encoded into
relevant variables on code sheets. The data sources and the code
sheets are summarized in Table 3.6. An automated database was
created on a microcomputer, using the SPSS Data Entry program.
This invelved assigning names, value labels, field widths, etc. to
all the variables.

3.5.1 Data Quality Control

The data for all cases were keypunched a second time to check
their correctness, using the SPSS verification program. Other
checks made on the data were as follows:

o Drug concentration randes. The SPSS Data Entry
program was used to identify all drug

concentrations with unusually high values. These
were reviewed with our assay laboratory for
confirmation or correcticn.
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Table 3.5
Intercoder Relishility Checks on Responsibility Coding

&1
pate of check OR /08790 11/19/90 017269 0&/11/9M
Kutber of gingle-vehicle crashes 25 2T 2¢ 24
Number of multi-vehicle crashes 25 23 28 26
Pearson r, multi-vehicle crashes* .98 : 99 97 . .92
. Pearson r, sl! crashes* .98 .9 .98 93

*Hetween-coder agreement level is shown by Pearson correlstion coefficient of twe coders ratings
on the same cases.
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Table 3.6

Field Documents and Code Sheets
Used in Database Preparation

Information Field Document Dats Entry
Category Information Source tode Sheet
Specimen Case Initiation Farm Time Variables

collection Corgoner/M.E. Report Code Sheet

time factors

Specimen Receipt Report

Specimen
condition &
assay results

Drug Assay Report Drug Assay Report
Therapeutic Drug Report

Driver Police Accident Report PAR Data Code Sheet
responsibility,

collision type

Crash Fatal Accident Reporting FARS Data Code sheet
circumstances System Report
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‘o Internal consistency checks. Particular values on

some variables logically require certain values on
other variables. These connections were checked via
computer and any inconsistencies were corrected.

(o Review of univariate distributjons. The frequency

distributions or descriptive statistics (means,
ranges, etc.) were printed for all variables.
These data were inspected for any anomalous values,
and gquestionable cases were identified for
confirmation or correction.

3.5.2 Derived Variables

In addition to the basic variables, another 152 variables were
derived from the basic variables. (See Appendix H.) Predominantly,
these captured central drug dimensions, derived from the basic
variables of drug concentrations.. The derived drug variables
conprised the following:

© Dichotomized variables - These specified the simple
presence or absence of each drug.

© Parent drugs ingested - Taking into account the

presence of metabolites and whether a drug had been
administered in treating the driver, these
variables indicate the parent drugs ingested by the
drivers. )

© Categorized concentration variables - To provide a

basis of comparison for the concentrations of the
various drugs, these variables expressed the
concentrations in categories of "None", "“Trace",
"Low", "High", and "Toxic". The "trace" categories
are concentrations at or slightly above AML's
detection thresholds, while the "toxic" levels were
provided by the toxicology staff at AML. The range
between these extremes was divided into equal-sized
"low" and "high" categories. If a toxic level was
unknown, then the midpoint of the obtained range of
values above trace was made the divider between
"low" and "high"™. Necessarily, other researchers
might create different categories. Table 3.7 shows
the categories created.

o Drug_classes = Each of the druygs was assigned to a
class, such as hallucinogen, nincor tranquilizer,
etec. (See Table 2.1.) Since such classes have not
"yet been standardized by the. pharmacological
discipline, they are somewhat arbitrary. our
classes were established in consultation with the
AML toxicological staff. Each of the drug class
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Table 3.7

Assi‘grlnent of Drug Concentrations to Categories”

Concentration fategory

Substance Trace Low High Toxic
Ethanol 8.0 .02-.05 Low 0.10-0,14 > D.15
W06+ .09 Intermed.

Delta-9 THC 1-2 3-19 > 20 b
Carboxy THC 1-4 5.249 > 250 n
Phencyclidine 1-7 8-48 49-89 > 90
Diazepam 1-120 121-2499 2500-4999 > 5000
KNordiazepam 1-120 121-1089 > 1100 il
Chlordiazepoxide 1-120 121-2459 2500-4999 > 5000
Pesmethylchlor. 1-120 121-199%9 > 2000 "

diazepoxice
Phenobarbital 1-120 121-17,499 17,500-34,999 > 35,000
Butatbital 1-120 124-4,999 5000-9,959 > 10,000
Pentobarbital 1-120 121-4,959 5000-9,99% > 10,000
Cocaine 1-60 61-499 500-999 > 1000
Benzoylecgonine 1-60 61-44,999 45,000-89,999 > 0,000
Anphetamine 1-60 61-99 100-199 > 200
Nethamphetamine 1-60 &1-4,999 » 5000 ">
Diphenhydramine 1-24 25-4 999 5000-9,99% > 10,000

hydrochloride
Chiorpheniramine 1-60 61-349 > 350 bl
Amitryptyline 1-7 8-24%9 250-499 = 500
Nortryptyline 1-7 - 8-249 250-499 > 500
Fluoxetine 1-7 8-49% > 700 b
Norfluoxetine 1-7 8-899 > 900 e
Meperidine 1-60 &1-499 500- 999 > 1000

hydrochloride
Propoxyphene 1-60 61-249 250-499 > 500
Norpropoxyphene 1-60 &1-999 1000- 1999 » 2000
Codeine 1-12 13-99 ) 100199 2 200
Morphine 1-60 61-99 100-199 > 200
Lidocaine 1-240 241-2,959 3000-5,999 > 6000

® Categories were assigned only to substances found in 3 or more drivers. Ethanol
concentrations are in X weight/volume; ali other substances are in nanograms per mitliliter,

** No toxic Level was established.
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variables indicates the presence/absence of at
least one drug in the class.

o Driver classes by drug involvement = Since the

units of study are drivers, it is extremely useful
to have a variable that places the drivers inteo
mutually exclusive and mutually  exhaustive
categories according to the array of substances
detected or not detected in their blood. The
variable created for this purpose is named
SUBSAMPL, and its values are shown in Table 3.8.

Ih constructing SUBSAMPL, drivers with THC were

distinguished from those in which the inert

metabolite carboxy-THC was found without THC, so
that each could be examined separately. A similar
distinction was not made between cocaine and its
metabolite benzoylecgonine, because of the low
frequency with which cocaine was found alone.

In addition to the derived drug variables, other derived
variables were mainly recodes of basic variables into categories
useful for data analysis. The algorithms for all the derived
variables are presented in Appendix H.
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Table 3.8

The Variable SUBSAMPL: The Driver Sample
Divided Inteo Mutually Exclusive and
Mutually Exhaustive Categories

Substance Group

Drugfree drivers

Drivers with
Alcohel,

Alcohol,

1 substance only in system
BAC < 0.10%
BAC > 0.10%

Tetrahydrocannabinol {THC)#*
Carboxy THC
Cocaine/Benzoylecgonine
Benzodiazepines
Amphetamines

Other single substance

Drivers with
‘Alcohel
Alcohol
Alcohol
Alcohol
Alcohel
Alcohol
Alcchel

drugs

alcohol plus ancther drug
and THC*

and carboxy~THC only

and cocaine/ benzoylecgonine
and benzodiazepines

and amphetamines

and 1 other not above

and 2 or more other

{may include cannabls

or stimulant)

Drivers with
2 drugs

non-alcohol combinations

3 or more drugs

*With or without carboxy THC
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4.0 THE OBTAINED SAMPLE

The sites yielded substantially fewer cases than was
projected, though this was not apparent until well into the data
collection phase. The first problem to be recognized was at the
Los Angeles County site. Accumulating case nhumbers were far below
expectations, and investigaticn revealed that the county medical
examiner's staff was overwhelmed by inordinate numbers of
fatalities, particularly homicides. Data collection for the study
suffered accordingly. Despite efforts to rectify the problen,
there was little improvement, and Los Angeles County ultimately
yielded only 98 of its projected 470 cases. Clearly, this was a
significant loss to the project. - ‘

The fact that other sites were not yielding the expected cases
became apparent only later, due to the time lags in the arrival of
field documents and subsequent identification of eligible cases.
To increase the sample size, data collection was extended two
menths, through May 1991. However, neither Los Angeles County nor
North Carolina participated in the additional months. Other sites
were finding the continued participaticn a burden on their staffs,
so data collection was not extended further. The final count of
eligible cases was 1,882.

After data collection was completed, the FARS automated
database for the study period became available for analysis. From
this, we made a count of the driver fatalities occurring within the
geographical areas and time period sampled by the project. This
revealed a total of 2,548 cases meeting those o©of our sampling
criteria that are measured by FARS variables. This suggests that
had there been no losses due to other factors, the sites would have
provided close to our targeted sample size. However, FARS does not
indicate whether sufficient unceontaminated blood was available,
whether it was possible to cbtain a specimen within 96 hours after
death, or whether the fatality was processed at our sites or
elsewhere. (Some victims may be transported to adjacent counties
or States.) Hence, the FARS data indicate the cases that would
have been eligible, had these other factors not intervened.

Table 4.1 compares the FARS counts with the counts provided by
each of cur sampling sites, including conly crashes occurring within
each site's geographic boundary (a county or State). The Jlast
column lists the "completion rates" for each site, an approximate
index of its success in providing specimens for the cases that
ideally would have been included in the project. The median site
completion rate was 78.9 percent, somewhat below cur anticipated
completion rate of 85 percent or higher.

(Note that the two smallest sites yvielded a few more cases than the
FARS counts, resulting in "completion rates" exceeding 100 percent.
Since only aggregate statistics were compared, the reasons for the
mismatch were not identified.)
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Table 4.1

The Eligible Driver Population snd ‘the Obtained Sample

Site

California
Alameda County
Lassen County***
Les Angeles County
San Bernadino County
San Diego County
Solano County

Massachusetts
Nevada-Washoe County
North Carcline
Virginia-Northern district
Texas

Daltas County

Tarrant County

Wisconsin

Totals

(4)] (2) (3 %)

Eligible Total Within- “Completion
Popuiation, Obtained Boundsries Rater:
per FARS® Sample Sampiet* 3N
62 &0 40 64.5%
11 12 12 109.1%
17 98 o8 23.5%
174 132 13 COT5.3%
159 145 145 91.2%
26 25 25 $6.2%
234 173 173 73.9%
1" 42 1% $27.3%
558 5:’{0 530 T9.9%
109 B3 23 T6.1%
110 115 &3 57,3
8 106 84 96.4%
483 181 381 T4.9%
2548 1882 776 &5.7%

{Including L.A.)

78.7%
{Omitting L.A.}

*FARS cases designated veligible" were all victims who met the following criteria: fatally

injured driver of car, truck, or motorcycle; died within
sampling time frame; died within & hours after crash; age 15
or older; crash occurred within geographical boundaries of
State/County.

**Includes only victims from crashes within the State or County sampled: cases from adjacent
counties were omitted in colum (3). '

**e| assen County ceses were pracessed at the Washoe County, Nevada site.
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4.1 Comparison with a National Population

Although our sample was intended to be only an approximation
of a national sample, it is useful to know how similar our sample
is to a national population of driver fatalities. The latter was
provided by obtaining descriptive data for the entire country from
FARS. However, rather than compare our sample with all driver
fatalities, it was considered more appropriate to identify that
national population of driver fatalities which occcurred during our
data collection peried and which met our sampling criteria of
survival time, driver age, and vehicle type. Thus, any differences
in the characteristics of our sample and that population could be
attributable only to our geographical sampling areas and to any
biases introduced by incomplete sampling.

Table 4.2 compares our sample with the national populatiocn on
variables likely to be related to alcocheol and drug use. The sample -
and population are highly similar in all respects except that our
sample is slightly more urban than the national population. The
latter aspect likely results from our site selection procedure.

4.2 Adjusting for Sampling Bias

' As noted previcusly, most sites evidenced omission of some
eligible drivers from the samples provided. This raised the
possibility of sample bias and distortion of our findings regarding
drug prevalence rates. To determine the presence of any biases,
the sample preovided by each site was compared with the eligible
drivers at that location identified through FARS. In other words,
we compared thée drivers listed in the first and third columns of
Table 4.1. Comparisons were made on the variables shown in Table
4.2. Large differences were not found, but some sites evidenced
bias on driver age, weekends vs. weekdays, crash time of day, and
single~vehicle vs. multivehicle crash. For example, the largest
bias was at the Dallas site, where weekend fatalities were
underrepresented in the sample: 60 percent of the eligible FARS
fatalities occurred on weekends, while only 41 percent o©f the
sample fatalities did. Such a bias could lead to an undercount of
alcohol and other drugs in the sample.

To provide an accurate picture of drug prevalence rates at the
sampling sites, a bjias adjustment was effected by adding a
weighting variable to our automated database. This weighting
variable was created by the following procedure:

(1) For each site, a count was made of the sample
drivers in each combination of driver age
categories (15-24, 25-54, 55 and older), weekend
vs. weekday, daytime (6AM=-6PM) vs. nighttime
(6PM-6AM), and single-vehicle vs. multivehicle.
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Table 4.2

Comparison of the Drug Study Sample With Drivers
in the FARS Naticnal Population Who Met
the Study sSampling Criteriaw

FARS Drug
Varjable of Comparison Drivers Study
Driver Age _
15-17 4.6% T 4.8%
18-20 11.0 1l.6
21-24 13.1 14.0
25-34 ) 26.8 27.8
35-44 16.3 15.8
45-54 9.6 9.8
55-64 7.4 5.8
65 & older 11.3 1¢8.3
Tctal 100.0% 100.0%
Driver Gender
Male . 76.4 76.3
Female 23.6 23.7
100.0% 100.0%
Crash Time of Day
12:0 AM-6:00 AM 26.0 27.1
6:01 AM-12:00 Noon 18.2 18.2
12:01 PM~6:00 BM - 26.5 25.4
6:01 PM-12:00 Midnight 29.3 29.3
100.0% 100.0%
Land Use
Rural 65.3 58.6
Urban 34.7 41.4
100.0% 100.0%

*Both the drug study sample and the selected FARS drivers met the
following criteria: fatally injured drivers of car, truck, or
motorcycle; died within 4 hours after crash; age 15 or older. The
time period covered is April 1890-May 1991.
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Table 4.2 (Continued)

FARS Drug
Varjable of Com json Drivers Study
Crash Day of Week
Sunday 16.2 17.0
Monday 11.3 1o0.2
Tuesday 11.5 ' 11.7
Wednesday 11.7 12.1
Thursday 13.0 13.0
Friday 16.7 16.7
Saturday 19.7 19.2
100.0% 100.0%
Manner of Collision
Noncollision 52.4 51.5
Rear=-end 5.0 5.3
Head-on 21.4 23.6
Angle 19.3 16.1
Sideswipe-same dir. 0.9 1.6
Sideswipe-cpp. dir. 0.9 2.0
Rear-to-rear 0.1 0
100.0% 100.0%
Body Type
Automcbile €2.7 65.2
Motorcycle 10.4 10.7
Light truck 24.2 22.2
Medium/heavy truck 2.7 1.9
100.0% 100.0%
Police Reported Alcchel Involvement
Alcohol not invelved 32.0 30.4
Alcohol involved 29.0 27.3
Not reported 16.4 23.3
Unknown 22.6 18.9
100.0% 100.0%
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(2) For the geographical region of each site, a count
was made of the eligible FARS drivers in each of
the preceding combinations.

(3) In each of the combinations, every sampled case was
assigned the following weight:

No. FARS casés in combinatjion

No. sample cases in combination

Example. At one site, FARS indicated that there were 36
driver fatalities in the combination: weekend crash
cccurring in the daytime, collision (2 or more vehicles),
driver age 25-54., Our sample for that site had only 30
drivers in the combination. Consequently, each of the 30
cases was assigned a weight of 36/30, or 1.20.

By applying the weight variable, the drug prevalence rates
estimate what they would have been if the sample had distributions
of the adjustment variables (age, etc.) similar toc their
distributions in the FARS population. These results are presénted
in the next chapter.
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5.0 RESULTS

This chapter presents the results under three main headings.
The first is the nature and scope of the drugs found, wherein we
present the drug prevalence rates and the patterns of single and
multiple drug use. The second is crash circumstances, which are
described ‘in terms of driver, vehicle, and environmental
characteristics linked to crash drug presence. The third is crash
causation, wherein we examine the data for any evidence that drugs
helped to cause the crashes. These sections respectively address
the first, third, and second objectives of the study.

5.1 The Nature and Scope of Drugs Found

Throughout this section, the prevalence rates have been
weighted to compensate for sampling bias at the sites. Interested
readers will find unweighted prevalence rates in Appendix I. The
weighting had a negligible effect on the prevalence rates for the
whole sample, with somewhat greater effect on the rates for the
individual sites.

Confidence intervals are provided with the prevalence rates in
Appendix I. Although they are not directly applicable to the
bias-adjusted rates, they provide a useful reference for the
latter.

5.1.1 The Drugs Detected

Figure 5.1 succinctly summarizes the drug involvement of the
entire driver sample. Altogether, 57.9 percent of the drivers had
at least one substance (alcohel, drug) detected. Alcohel was by
far the most prevalent substance, appearing in 51.5 percent of the
specimens, mostly in the intoxication range above 0.10% BAC.
Nonalcoholic drugs were found in 17.8 percent cof the drivers. As
the pile chart shows, when drugs were found, alcohol was usually
found. In only 6.4 percent of the drivers was a drug detected
without alecohol.

Drugs of abuse dominated the substances detected. After
alcohol, the most common drugs were cannabis (detected as THC or
carboxy-THC in 6.7 percent of the drivers) and cocaine (detected as
cocaine or benzoylecgonine in 5.3 percent). Amphetamines appeared
at the much lower rate of 1.9 percent, while the hallucinogens
phencyclidine (PCP) and LSD were rarely found.

Medicinal drugs were noteworthy for their low frequencies.
Even the comprehensive group of benzodiazepine tranquilizers
appeared in only 2.9 percent of the specimens, while barbiturates
were half as prevalent. Somewhat surprisingly, not a single driver
was found to have ingested antipsychotic drugs or nonbarbiturate
sedatives.
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Ellifterhune/S

ALCOHOL ALONE
40.1% (39.7%)

ALCOHOL-DRUG
COMBINATION
11.4% {11.2%)

NON-ALCOHOL

DRUG ALONE
4.8% {5.0%)
NON-ALCOHOL
DAUG COMBINATION
1.6% {1.4%)
DRUG FREE
42.1% [42.7%)

DRUG or DRUG CLASS PREVALENCE HATE
ALCOHOL: BAC = .10% 42.5% (42.6%)
ALCOHOL: BAC < ,10% 8.0 (8.3)
CANNABIS 6.7 - (6.9)
COCAINE 5.3 (4.5)
BENZODIAZEPINE TRANQUILIZERS 2.9 (3.3)
AMPHETAMINES 1.9 (2.0)
BARBITURATE SEDATIVES 1.5 (1.5)
NARCOTIC ANALGESICS 1.2 (1.0)
ANTIDEPRESSANTS 0.8 {0.8)
ANTIHISTAMINES 0.6 {0.6)
HALLUCINOGENS 0.3 {0.2)
ANTIARRHYTHMICS 0.1 {0.1)
MUSCLE RELAXANTS < 0.1 {0.1)
ANTIPSYCHOTICS 0.0 {0.0}
NONBARBITURATE SEDATIVES 0.0 {0.0}

Figure 5.1 DRUG PREVALENCE IN THE ENTIRE SAMPLE OF 1882 DRIVERS
(DATA WERE WEIGHTED TO COMPENSATE FOR SAMPLE BIAS;
RESULTS FOR UNWEIGHTED DATA ARE IN PARENTHESES)
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Figure 5.1 provides the prevalence rates of the drugs with and
without the adjustments for sampling bias. It can be seen that the
effects of the adjustments were slight, and the relative
frequencies of the drugs were unaffected. :

A breakdown of the individual drugs is given in Table 5.1.
Kote that the prevalence rates for cannabis and cocaine drop to 4.3
percent and 2.8 percent respectively, when only their parent forms
are considered.

Table 5.2 indicates the concentration levels that were .found.
Very high BACs are reflected in the predominance of toxic
concentrations for alcoheol. In contrast, the cannabis and cocaine
substances were found at trace or low levels. It should be
understood that a low concentration could reflect either a low
dosage at ingestion or a higher dosage from which the blood
concentration had declined substantially by the time of death.

5.1.2 Locational Variations

Particularly interesting are the variations in drug prevalence
rates across regions and land use (rural/urban) areas. Regional
variations are suggested by Table 5.3. The data are grouped by
State, but it should be understood that the statewide
representativeness of the California, Virginia, and Texas results
is unknown; their sampling sites are mainly urban. The table shows
that amphetamines were nearly exclusively found in California,
while alcchol, cannabis, and cocaine were unusually prominent in
the sampled area of Texas i.e., Dallas-Fort Worth. In contrast,
the Wisconsin drivers tended to be 1lowest in abuse-drug
involvement. .

- Table 5.4 provides detailed results for all the substances --
parent drugs and metabeolites -- for each of the specific sampling
sites. These data suggest further variations within States. Among
the California sites, for example, cannabis was most frequent in
San Diego County, while cocaine was most prevalent in the Alameda
and Los Angeles samples. In Texas, cocaine was far more common in
Dallas County than in Tarrant County (Ft.Worth). Great caution is
necessary in viewing the results of individual sites, however, for
smaller samples sizes necessarily have lower statistical
reliability. At the same time, the results suggest the hazard in
making generalizations from single-city or even single-State
studies.

A comparison of rural and urban results is provided by Figure
5.2. It shows that drugs were more frequently found in the urban
crashes; 20.9 percent of the urban drivers had drugs other than
alcohol in their systems, compared to 15.1 percent of the rural
drivers. The greatest differences were in the stimulant drugs:
cocaine and amphetamines were twice as prevalent in the urban
crashes. This is somewhat misleading, however, for the
amphetamines were mainly a California phenomenon. A restricted but
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Table 5.1
Prevalence Rates of the Drugs Detected*

bata Weighted to Compensate for Sample Bias on Driver Age, Manner of Collision,
Time of Day, and Weekend/Weekday

(Note: Percentages are not additive, because more than one drug may be found in a driver's bleod.)

Parent Parent or
Orug prug** Metabolita*e

Alzohol 51.5% 51.5%
Cannabis 4.3 6.7%
Benzodiazepine tranquilizers

Diazepam 2.2 2.2

Diazepam/ch{orazepate/chlordiazepoxide .- 0.3

Flurazepam <0.1 <0.1

Chiordiazepoxide 8.3 0.3
CNS Stimulants

Cocaine 2.8 5.3

Amphetamine group -- 0.1

Methamphetamine 1.8 1.8

Caffeine <0.1 <0.1
Barbiturate Sedatives

Phenabarbital 0.7 0.7

Butalbital 0.6 0.6

Pentobarbital 0.2 0.2
Narcotic Analgesics

Meperidine hydrochloride 0.1 0.1

Mathadone 0.1 .1

Propaxyphens 0.6 0.4

Codeine 0.3 0.3

Heroin/codeine/morphine .- 0.1

Antidepressants
Amitriptyl ine
Imipramine
Doxepin
Fluoxetine

Antihistamines
biphenhydramine

hydrochloride
Chiorpheniramine

Hallucinogens
Phencyclidine
LS50

Antiarrhythmics
Procainamide

Muscle Relaxant
Cycleobenzaprine

A
=] =K =) =] [=] [-E=-X=-N-]
. . .

A PR R S RN 9
LA R Wil

A

.
-

o
o O 00 O O oo
v . :

N
=
.
—
A
—

*Drugs tested for and not found: lorazepam, alprazolam, oxazepam, secobarbital, butabarbital, asmobarbital,
ethchlorvynol, methaqualcone, meprobamate, oxycodone, chlorpromazine, thicridazine, mesordiazine, gquinidine,
flecainide.

**Data under “Parsnt Drug® are the percentage of cases in which the specific (parent) drug was detected. Data
under "Parsnt or Metabolite" are the percentage of cases in which either the parent drug of its metabolite

was detected.
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Concentration Categories of Substances Fouw? in 3 or More Drivers

Table 5.2

Date Weighted to Compensate for Sample Biass on Driver Age, Manner of Collision,
Time of Day, snd Weekend/weekday

§$§gnnu

Alcohol (ethanol)
Carmabis
Delta-9 THC
Carboxy:THC
Hallucinogens
Phencyclidine
fSenzodiarepines
Diarepam
Nordiazepam
thlordiazepoxide
Desmethylchlordiatepoxide
Barbiturate Sedatives
Phencbarbital
Butalbital
Pentcbarbitsl
CHS Stimulants
Cocaine
Eenzoylecgonine
Amphetamine
Methamphetamine
Antihistimines
Diphenhydramine
Chiorpheniramine
Antidepressants
Amitriptyline
Nortriptyline
Fluoxetine
Norfluoxetine
MNarcotic Analgesics
Propoxyphene
Norpropoxyphens
Codeine
Morph ine

¥ Cases
with drug

1314

109
172

5

54
53
8
T

17
15
é

70
134
26
46
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“See Table 3.6 for concentration ranges of the categories,
wtaA toxic level was not identified.
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Table 5.3
Drug !:Lm Prevalence Rates Within State Groups®

Data Ueighted to Compentate for Sample Bias on Driver Age, Marner of Coliision,
Time of Day, and \Ueekend/Weekday .

California Mass. N.C. virginia Wisconsin Texas
Prug Class {5 counties} — (35 counties) (2 counties)
Atcchol (ethanol) 51.8% S54.8%  46.1% 53.3% 43.9% 87.7X
Cannabis ‘ 7.7 9.1 4.3 5.9 4.6 13.3
Cocaine 5.3 5.4 5.1 4.8 2.3 12.9
Benzodiazepines 1.5 s5 49 T 12 . 1.5 4.0
Amphetamines 9.4 ¢.0 0.0 o.0 0.3 2.1
Barbiturates 1.3 1.1 1.4 X 1.4 3.6
Narcotic Anaigesics 1.6 0.5 1.3 0.0 0.9 1.5
Ant idepressants 1.0 1.6 0.8 0.0 0.5 0.5
Antihistimines 0.4 0.7 Q2.5 8.0 0.8 1.0
Hallucinogens 0.6 0.0 0.0 0.0 0.3 8.0
Antiarrhythmics 0.0 0.9 0.2 8.0 0.0 g.0
Muscle Relaxants 0.0 6.0 0.0 0.0 0.2 0.0
Nonbarbfturate 6.0 0.9 Q.0 0.0 0.0 6.0
Sedatives :

Antipsycheotics 0.0 a6.0 0.0 0.0 6.0 0.0
Misc. Other Drugs 1.4 1.8 1.1 1.4 1.8 0.5
Total c;ses (Heiéhted) 830 254 669 108 459 197

Note: Colums do not acd up to 100X because more then one drug class can be found for any one driver.

® uashoe, Nevada site was excluded in this analysis due to small sample size.
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RURAL URBAN

ALCOHOL ALONE
39.2%

ALCOMOL ALONE
ALCOHOL-DRUG 40.8%
COMBINATION

0,
9,5% ALCOHOL-DRUG

COMBINATION
13.6%

NCH ALCOHOL
DRUG ALONE

4.9%

NON AlLCCHOL
DRUG ALONE

5.2%
NON ALCOHOL ,
COMBINATION \
0.7% NON ALCOHOL
COMBINATION
2.1%
DRUG FREE
38.3%
DRUG FREE
45.7%
RURAL DRUG OR DRUG CLASS URBAN
32.9% ALCOHOL: BAC=2 .10% 33.2%
6.3 ALCOHOL: BAC < .10% 7.6
5.3 CANNARIS 8.3
a.5 COCAINE 7.2
3.2 BENZODIAZEPINES 2.6
1.3 AMPHETAMINES 2.5
1.2 BARBITURATES 1.8
1.1 NARCOTIC ANALGESICS 1.3
D.6 ANTIDEPRESSANTS 1.0
0.6 ANTHISTAMINES 0.5
0.1 HALLUCINOGENS 0.4
0.1 ANTIARRHYTHMICS 0.0
0.1 MUSCLE RELAXANTS [ 4]

Figure 5.2 DRUG PREVALENCE IN RURAL AND URBAN DRIVER FATALITIES (WEIGHTED DATA)

-



perhaps more accurate rural-urban comparison is in Table 5.5, which
is limited to the States providing statewide samples. Amphetamlnes
hardly enter the picture there, but otherwise the preponderance of
drugs in urban crashes is upheld.

5.2 Patterns of Single and Multiple Drug Use

In Figure 5.1, the pie chart gave a succinct overview of the
proportions of drivers who were drugfree, alcohol-involved, and so
on. Now we shall examine the driver groups in greater detail,
using the categories defined by the variable SUBSAMPL (Table 3. 8}).
Table 5.6 shows the driver breakdown. The following peints are
noteworthy:

(1) Among drivers with one substance ong in their

lood, alcohol dominated, at intoxicati levels,
No other single-substance group comprises more than
1l percent of the drivers. Even if we combine THC
and its inactive metabolite, only 1.1 percent of
the drivers were in the cannabis-only groéup.
Combining cocaine and amphetamlnes, 1.2 percent of
the drivers had only stimulants in their systems.
The remaining single-substance ' cases (the 34
"other" drivers) involved mainly medicinal drugs.

(2) the alcghol-dru cembinations alecohol was
combined mainly with drugs of abuse. When alcohol
was combined with one other drug, the latter was
cannabis, cocaine, or amphetamines in nearly 2/3 of
the cases. Benzodiazepines were also prominent in
the alcohcl-drug combinations. In combinations

'1nvolv1ng alcohol and two other drugs, cannabis,
cecaine, and benzodiazepines were predominant. In
all alcohol-drug combinaticens, the alcochol was
mainly at intoxication levels.

(3) Multiple drug use not involving alcoheol was rare.
Table 5.6 shows that a drug combination not

invelving alcohol was found in only 1.3 percent of
the drivers. In these few cases, abuse drugs and
benzodiazepines were again prominent.

* * ' *

(At this point, the analyses move away from drug prevalence rates.
The remainder of this chapter examines relationships among
variables, particularly the relation of drugs to other variables.
Unweighted data were used for these analyses in order to permit
statistical tests of significance. Thus, all relatlonshlps that
follow pertain to the original unweighted data.]
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Table 5.5

Drug Prevalence Rates in Rural and Urban Fatal Crashes:
Combined Rates of Massachusetts, North Carclina, and Wisconsin

Data Weighted to Compensate for Samplé Bias on Driver Age, Manner
of Collision, Time of Day, and Weekend/Weekday

Rural -ﬁrban

e

4

op

Alcohol: BAC >.10% 4
Alcohol: BAC <.1l0%
Cannabis

Cocaine
Benzodiazepines
Amphetamines
Barbiturates
Narcotic analgesics
Antidepressants
Antihistamines
Hallucinogens
Antiarrhythmics
Muscle relaxants

. * B » a

COCOOFHFOWWAMMNN
a@ & ® @& & & & & B & & » 9
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QO WORWAHROODONMNMNWD

. »

OO UO®OIWW

Total cases : 983 376
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Table S.6

The Driver Sample Divided Into Mutually
Exclusive and Mutually Exhaustive Groups
by Drugs Present

Data were weighted to compensate for sample bias on Driver Age,
Manner of Cellision, Time of Day, and Weekend/Weekday

Actual Weighted
Substance Group Number?® Prevalence
Drugfree drivers : 803 42.1%
Drivers with 1 substance only jin system
Alcohol:  BAC <0.10% 120 6.9
Alcohol: BAC >0.10% 627 33.2
Delta-9 THC! 19 0.9
Carboxy THC? 6 0.2
Cocaine/Benzoylecgonine 7 0.5
Benzodiazepines 18 0.8
Amphetamines 12 0.7
Cther® _ 34 1.9
Drivers with alcchol-drug combination?
Alcohol & delta-9 THC : 37 (32) 2.0 (1.7)
Alcohol & carboxy-THC? 29 (26) 1.5 (1.3)
Alcohol & cecaine/benzoylecgonine ' 49 (41) 3.1 (2.7)
Alcohol & benzodiazepines 18 (13) 0.8 (0.7)
Alcohel & amphetamines 13 (9) 0.6 (0.4)
Alcchel & 1 other not abovet 19 (13) 1.1 (0.7)
Alcohol & 2 or more other? 46. (38) 2.3 (1.9)
Drivers with non-alcohol combinations
2 drugs3 20 1.1
3 or more drugs’ 5 0.2
Total ' 1882 100.0%

Notes
With or without carboxy THC

2yithout THC

3Includes barbiturates (6), antihistamines (&), narcotic analgesics (5), and miscellaneous others

“Inctudes barbiturates (8), antihistamines (3), and miscellaneous others

5Irn:l.m:Ies cannebis (31 drivers), cocaine (21), benzodiazepines {21}, barbiturates {7), and miscellaneous others

6Includes barbiturates (7 drivers), benzodiazepines (5), cannabis (5), tocaine (4), amphetamines (4), and
miscellaneous others

?lncludes amphetamines (4), cocaine (3), cannabis {2) and miscellaneous others

al‘he actual numbers cannot be used to calculate the u.eighted prevalence rates, though they will approximate
them

9Figures in parenfheses are for BAC> 0.10%
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* * . *

Alcohol-drug patterns. Since alcohol deminated the substance
combinations, the specific drug-alcohol combinations are further
described in Table 5.7. An interesting implication of the data is
that alcohol use and cocaine or cannabis use are not just
co-occurrences; they are correlated to a modest degree. This is
especially true of cocaine use, which invelved alcohol in 83
percent of the cases. The odds ratios in Table 5.7 suggest that
not only is cocaine use likely to invelve alcohol, but a converse
relationship is also indicated: the chances of finding cocaine were
4.9 times higher when alcohol was present than when it was not.
Similar but weaker patterns were found with cannabis (THC) present.

The amphetamines did not exhibit the same pattern as cocaine,
although both are central nervous system stimulants. In fact,
alcohol was less likely to be found when amphetamines were present
than when they were not. In inquiring to the National Institute of
Drug Abuse as to why the cocaine and amphetamine patterns differ,
we learned that users report preferring cocaine with alcochol
because it takes the "Yedge" off the cocaine effect. They
apparently do not have the same experience with amphetamines. It
is alsc possible that amphetamines are less frequently combined
with alcohol because they are used to combat fatigue.

Table 5.7 shows that the correlations of alcohol presence with
the presence of the medicinal drugs were nil. It appears, then,
that abusing alcohol implies a tendency to use cther drugs of
abuse. This suggests a behavioral pattern of users, which we take
up in the next section.

- 5.3 Circumstances of Drugs in Crashes

Here we address the third objective of the study: to describe
the crash circumstances in which drugs are found. These were
examined in- terms of driver variables, vehicle variables, and
ambient conditions of the accidents. To explore the network of
relationships invelving these factors, the variable SUBSAMPL was
used. -

5.3.1 Driver Patterns

Table 5.8 shows characteristics of the drivers in each of the
SUBSAMPL groups. Those groups differed significantly on every one
of the variables. The comparisons of most interest are between the
alcohel/drug groups and the drugfree drivers.

Age differences. The age differences of the substance groups
were pronounced, The 25«54 age range was overrepresented in
drivers who had ingested alcchol and/or abuse drugs. The youngest
drivers were proncunced in the cannabis and cocaine groups, with or
without alcohol also present. The cldest drivers were
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Correlation of Drug Presence
With Alcohol Presence: Phi Coefficient

Odds ratio: chances of finding alcohol
when drug present vs. when not present

Ocdds ratio: chances of finding drug
present when akcohol present vs. when
nat present -

X of cases where alcohol is present when
drug is present

*Statistically significant at p< 0,01

Associations Between Drug Use and Alcohol Use

0.146*

1.7

4.9

83.3x

THC

0.08%

1.4

2.1

68.8%

Table 5.7

Antide-

pressent arepines

0.03

1.3

1.9

Benzodi-

0.04

1.2

1.6

61.9%

Harcotic
Analgesic

0.01

1.3

1.2

55.6%

Amphet- Barbit-

amines  urates

0.01 0
0.9 1.0
0.9 1

47,4 517X

Antihist-

0.01

0.8

0.6

41.7X

Halluc-
inogen

1.0

1.0

50.0%
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Table 5.8

Comparison of the SUBSAMPL Groups on Driver Characteristics

Simgle-Substance Groups

Aleohol -brug Combinations

Alc Ale Benzo- Amphet-
BAC BAC Cannmabis Cocaine diazep. amines
Drugfree < .10 > .10 Onity Only Only Only
Age of Driver*e**
15-24 yrs. 30.2% 37.5% 33.4% 37.5%  42.9% 5.6% 25.0%
25-54 yrs. 43.4 ° SY.7  80.1  S54.2 57.1 22.2 5.0
55-95 yrs. 26.2 10.2 6.5 8.3 0.0 72.2 0.0
Total 100.0 100.0 100.0 100.C¢ 10G.0 100.0 100.0
Gender of Driver**s*
Male 64.3 82.5 88.2 92.0 .4 44 .4 ¢1.7
Female 35.7 17.5 11.8 8.0 28.6 55.6 6.3
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Ho._ Speeding Violations***
None 77.2 57.0 67.9 434 7.4 94 .4 50.0
1 or more 22.8 33.0 32.1 S6.6 28.6 5.6 50.0
Total . 100.0 100.¢ 100.0 100.0 100.0 100.0 100.0
No. Other ¥iglatjongté*+*
MNone 83.3 B0.9¢ T72.7 56.5 1.4 100.0 1.7
1 or more 16.7 19,1 27.3 435 28.6 ¢.0 58.3
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Restraint System Use**** .
Not used 57.3 69.6 B81.3 56.5 50.0 46.7 7e.7
Lapsshoulder belt (any) 34.2 25.5 123 8.7 3.3 46.7 18.2
Helmet 5.5 4.9 6.2 30,4 16.7 6.7 e
Used; unknown type 3.0 0.0 0.2 4.3 0.0 0.0 0.0
Total 100.0 100.¢ 106.0 100.0 100.0 100.0 100.0
No. drivers (denominator 803 120 627 25 7 13 12
for all X's except when . '
missing data)
*Chi square significant at .10 [evel
**Chi square significant at .05 level
*&kChi square significant at .01 [evel
*e4dChi square significant at 0001 level

Any
Other Alc + Alc + Alc + Alec + Alc + Alc +
Drug Cennab. Cocaine Benzod. Amphet 1 Other 2 Others
9.1% 3I7.9%  4B8.2%  11.1% 7.7% 15.8% 23.9%
51.5 #62.1 51.7 83.3 92.3 63.2 76.1
39.4 0.0 n.o 5.6 0.0 2t 0.0
100.0 W0.0 100.0 100.0 100.D 100.0 100.0
78.8 90.9 81.é 6.7 92.3 63.2 ar.o
21.2 .1 18.4 13.3 7.7 36.8 13.0
100.0 100.0 100.0 100.0 100.0 100.0 100.0
77.4 &89.2 . 65.3 94.4 61.5 3.7 61.4
22.6 30.8 34.7 5.6 38.5 26.3 38.6
100.¢ 100.0 100.0 100.0 100.0 100.0 100.0
7.4 631 63.3 83.3 6.9 84.2 88.2
22.6 34.9 34.7 16.7 23.1 15.8 3.8
100.0 100.0 100.0 100.0 100.0 100.0 100.0
7.9 T9.7 79.5 76.9 B84.6 87.5 77.5
28.6 1N.9 9.1 15.4 7.7 12.5 17.5
3.6 4.8 9.1 7.7 7.7 0.0 2.5
0.0 .7 2.3 0.0 0.0 0.8 2.5
100.0 100.0 180.0 100.0 t00.0 106.¢ 100.0
313 66 &9 18 18 19 46

sm-.m

—

8%
coNnBwn or> b0 o
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overrepresented in the benzodiazepine-only group and in the group
that had ingested one "other" drug, which included mainly medicinal

drugs.

Gender differences. Males were overrepresented in all the
alecohol and drug groups except the benzodiazepine-only group, where
females predominated.

Previous traffjc violations. Drivers with previous speeding
violations were overrepresented in most of the alcohol/drug groups.

(Exceptions were drivers with benzodiazepines, with one "other"
drug, and perhaps alcochol + 1 other drug.) Drivers with a recor
of other traffic violations had a similar pattern. ‘

Restraint system use, Nearly every alcohol and/or drug-
involved group had used their restraint systems less than had the
drugfree drivers. An exception was the benzodiazepines-only group.
Another was the cannabis-only group: several drivers in this group
were motorcyclists wearing helmets.

Driver patterns summary. Drivers who had ingested alcohol
and/or drugs of abuse presented similar patterns, dominated by the

age range of 25-54, male drivers, and drivers with at least one
prior traffic violation. They also tended to use their restraint
systems less than the drugfree drivers. The pattern did neot apply
to those who had ingested conly benzodiazepines or "other" drugs,
which were mainly medicinal. Those drivers were likely to be older
than 54 and have fewer past traffic violations. The
benzodiazepine-only drivers were more frequently female, and used
their restraint systems more, than the drug-free drivers.

5.3.2 Vehicle and Collision Circumstances

Table 5.9 shows the composition of the alcohel-drug groups in
terms of vehicle and collision variables.

Vehicle types. Vehicle types differed significantly among
the driver groups. Passenger cars predominated in the sample, but
motorcycles were overrepresented ameng most of the alcohol and drug
groups. Light trucks were also overrepresented in several of those
groups. Heavy truck drivers constituted only a small part of the
total sample, and there were none in any of the alcohol-drug
combinations. No stimulants were found in the heavy-truck drivers.

Number of occupants. The number of vehicle occupants did-not
differ significantly among the substance groups. The majority of
all crashes invelved a single occupant.

Manner of cellision. The manner of collision data in Table
5.9 were obtained from the FARS reports. Differences among the
substance groups were highly significant. "Noncollision" events,
i.e., single vehicle crashes, weére substantially overrepresented in
virtually every substance-~detected group, the only exceptions being
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Table 5.9

Comparison of the SUBSAMPL Groups on the Vehicle and 1ts Role

Singte-Substance Groups Alcohol -Orug Combinations

Ale  Alc Benzo-  Amphet-  Any Non-
8BAL BAC Ccannabis Cocaine diazep. amine Other Ale + Alc + Ale+ Ale+  Alc + Alc + Alc
Drugfree < .10 > .10 _Only Only Onty Only Drug, Cannshis Cocaine Henzod. Amphet. 1 Other 2 Others _Comb.

Vehicle Type®#*** .
% 60.8% 40.0% 42.9% 77.8% . 58.3% 57.6% 82.1% 75.5% 72.2% 46.2% 73.7%  £9.6X 44 0%

Car 49.7% 65.8
Motorcycle 8.3 9.2 1.0 3z.0 28.6 5.6 16.7 9.1 13.6 2.2 22.2 38.5 10.5 15.2 20.0
Light Truck 18.4 20.9 28,1 24.0 28.6 16.7 25.0 31.3 24.3 12.2 5.6 15.4 15.8 15.2 32.0
Heavy Truck 3.5 4.2 6.2 4.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 a.0 0.0 0.0 4.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.90 100.0 100.0 100.0 100.0 100.0 100.0
Ho. of Gcecupants
1 . 89.4 6.7 7.8 72.4 7.4 72.2 75.0 84.8 é8.2 §5.1 77.8 B4.6 3.7 69.6 72.0
2 18.4 231.3 19.9 8.0 28.6 27.8 25.0 12.1 25.8 32.7  16.7 7.7 26.3 21.7 20.0
3 or more 12.2 10.0 8.3 200 c.o 0.0 0.0 3.0 6.0 12.2 5.6 7.7 .0 8.7 8.0
Total 100.0 10¢.0 100.¢ 1W0.0 100.0 10D.C 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Manner of Collision**** )
Noncol lision 32.2 48.7 T2.0 35.0 42.9 50.0 50.0 51.% 7.2 63.3 &6.7 69.2 63.2 9.6 52.0
Rear end 6.4 6.7 3.4 3.0 14.3 5.8 0.0 15.2 6.1 0.0 5.6 7.7 10.5 4.3 0.0
Head-on 30.6 26.4 16,5 24.0 28.6 33.3 16.7 18.2 13,46 24.5 18.7 15.4 15.8 21.7 16.0
Angle 25.7 15.1 6.4 24.0 0.0 1.1 25.0 15.2 9.1 10.2 5.6 r.7 10.5 4.3 20.90
Sidesup, same dir. 2.1 2.5 0.4 8.0 0.0 0.0 0.0 0.0 0.0 2.0 5.6 0.0 0.0 c.p 3.0
Sidesup, opp. dir. 3.0 2.5 1.1 0.0 1%.3 0.0 83 - 0.0 6.0 0.0 0.0 0.0 0.0 0.0 4.0
Yotal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
No. drivers {denominator
for all X's except 803 120 &27 25 7 1a 12 33 66 49 18 13 19 L6 25

when missing data)

® Chi square significant at .10 level

** chi square significant at .05 tevel
*** Chi square significant at .0t level
**%% Chi square significant at .0001 level



‘the cannabis-only group. Note that the noncollision percentages
were highest in the alcchol-intoxication and alcohel-plus-drug
groups. These important differences bear on the subject of crash
causation, a topic addressed in section 5.4.

5.3.3 Patterns of Crash Aambient Conditions

Table 5.10 shows that the substance groups differed
significantly on several ambient condition variables.

Day of week. Weekends were predominant in the crashes of
most of the alcohol-involved grecups, the cocaine-only group, and
the benzecdiazepine only group. Weekdays were somewhat over-

represented among the cannabis-only drivers.

Time of day. Group differences in crash time of day were
highly significant. The early morning midnight-to-6 AM hours were
overrepresented in all the alcohol-involved groups, the
amphetamine-only group, and the non-alcohol-combination group.
Drivers in the mainly medicinal "other drugs" group tended *o be
involved more in daytime crashes, similar to the drugfree drivers.

Season. There were no significant differences among the
substance groups in the season of crash occurrence.

Land use. As noted previocusly in the report, drugs tended to
be found more fregquently in the urban crashes of our mainly rural
sample. ‘

Number of rocad 1lanes. A large majority of the crashes
occurred on two-lane roads. Deviations from this tendency were
generally not dramatic, and broad patterns were difficult to
discern. The data suggest a tendency for the stimulant-detected
crashes to occur more £fregquently on 4-lane highways than the
crashes of other driver groups. :

Horizontal alignment. Most of the crashes happened on
straight (tangent) sections of highway, but all the driver groups
invelving alcohol had an overrepresentation of curve crashes. With
' the possikle exception of the "any other drug" drivers, the groups
with drugs but not alcohol resembled the drugfree drivers in their
predominance of straight-road crashes.

Surface condition. A large majority of the crashes occurred
on dry pavement. This tendency was more pronounced among nearly
all the alcohel and drug-present groups. The one exception was the
benzcdiazepine-only group, which had proportionately more wet-
surface crashes than the drugfree.

Atmospheric condition. The results for atmospheric
conditions paralleled those for surface conditions; dry conditions

prevailed, and they were more frequent for the alcohol and drug
groups.
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Ambient conditions summary. There were marked differences

amcng the driver groups in relation to time, location, and road
conditions. Early-meorning and weekend crashes were characteristic
of several of the substance-~present groups, especially those
drivers who had ingested alcohocl. The latter also were found in
curve crashes more than the other groups. Wet conditions were more
likely teo be a factor in crashes of the drugfree than of the
drug-present drivers. :

$5.2.4 Crash Circumstances, THC, and Carboxy-THC

Since our SUBSAMPL variable distinguished cannabis-present
drivers according to whether THC was found, the crash circumstances
of the various cannabis groups were examined. In Table 5.11, the
carboxy-THC-only and alcohol + carboxy-THC groups differed from
their THC-present counterparts in various ways. Consistently,
these with carboxy but not THC had higher proportions of (a) the
youngest (15-24) drivers, (b) motorcyclists, and (c) summer
crashes., Other differences were less consistent, but overall the
data indicate that the various groups of cannabis users were not
entirely equivalent.

5.4 Indications of Drug Causal Effects

In this section we turn to the question of whether drugs
helped to cause the fatal crashes, Our main methed was
responsibility analysis, in which statistical connections between
drug detection and driver crash responsibility were used to
identify causal effects. This was supplemented by a brief
examination of collision types associated with drug use.

5.4.1 Results of the Responsibility Analysis

~

It may be recalled from Chapter 3 that trained coders rated
each driver's responsibility for the crash on a scale from 0 (not
responsible) to 4 {responsible). The ratings were made without the
ceders knowing (a) whether alcohol or other drugs were present in
the crash, (b) the driver's gender, or (c) the driver's age. Table
5.12 shows the distribution of the responsibility ratings. Note
that 79.9 percent of the drivers were judged at least contributory
to their crashes, and only 15.0 percent were found not responsible.

The responsibility analyses used responsibility rates, the
percentage ¢f drivers in a group who were responsible for their
crash. To generate these rates, all drivers who were rated 3 or 4
on the responsibility scale were designated "responsible®.

validity. Chapter 3 presented data showing the high
intercoder reliability of the responsibility methed. It is also
important to demonstrate the validity of the methed. This was
achieved by showing that the driver responsibility rates increased
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Table 5.11
Crash Circumstances, THC, and Carboxy-THC

Cannabis Only Cannabis + Alcohol
Carboxy Carboxy
THC THC TRC Present,
Variasble grugfree Present Only Present Ng THC
Age of Driver ‘
15 - 24 yrs. 30.2% 26.3% 80.0% 29.7% 48.2%
25 - 54 yrs. 43.4 £3.2 20.0 70.3 51.7
35 - 95 yrs. 26.2 10.5 0.0 0.0 0.0
Gender of Driver
Male 64.3 89.5 160.0 ".9 B9.7
Femaie 35.7 10.5 0.0 8.1 10.3
No. Speeding Violations
None ) 7.2 50.0 16.7 2.2 78.6
1 er more 22.8 50.0 a3.3 37.8 21.4
Ho. Other Violations
None 83.3 66.7 33.3 56.8 7.4
1 or more 16.7 3.3 &86.7 43.2 28.6
Restraint System Use
Not used 57.3 70.6 16,7 84.8 73.1
tap/shoulder belt{any) 34.2 1.8 0.0 ?.1 15.4
Helmet 5.5 17.6 66.7 6.1 7.7
Used; unknown type 3.0 0.0 16.7 0.0 1.8
vehicie Type
Car £%.7 &2.1 133 62.2 62.1
Motorcycle 8.3 - 211 66.7 5.4 241
Light truck 18.4 31.% 0.0 2.4 13.7
Heavy truck 3.5 5.3 a.0 0.9 0.0
No. of Occupants
1 69.4 3.2 100.0 67.6 69.0
2 18.4 15.8 0.0 29.7 20.7
. 3 or more 12.2 21.0 0.0 2.7 10.3
manner of Collision
Noncollision 32.2 35.8 13 64.9 79.3
Rear end 6.4 10.5 0.0 8.1 3.4
Head-on 0.6 26.3 16.7 16.2 10.3
Angle 25.7 2%.3 33 10.8 6.9
Sideswp, same dir, 2.1 5.3 16.7 6.0 0.0
Sideswp, opp. dir. 3.0 0.0 0.0 0.0 0.0
Day of Week
Fri, Sat, Sun 43.9 35.8 333 43.2 55.2
weekdays 56.5 63.2 66.7 56.8 4.8
Time of Day
Midnite - & AM 10.3 5.3 0.0 40.5 41.4
& AM - Noon 20.9 21.% 3133 2.7 0.0
Noon - & PM 38.5 474 16.7 10.8 13.8
& PM - Midnite 20.3 26.3 50.0 L5.9 44,8
Season
Spring 3.1 42.1 16.7 59.5 41,4
Summer 25.0 5.3 50.0 B.1 27.4
Autumn 20.8 26.3 16.7 2.7 13.8
Winter 20.0 24.3 16.7 2.7 17.2
Lard Use
Urban 3a.0 L7.4 83.3 48.6 48.3
Rursl 62.0 52.6 16.7 51.4 8.7
Ho. of Yravel lanes
1 c.e 5.6 0.g 2.8 G.0
2 80.7 88.9 66,7 7.8 93.1
3 £.3 5.6 . 0.0 B.3 ;.0
& or more 12.1 3.0 33.3 1.1 6.9
Horizontal Aligrment
Straight 75.0 72.2 83.3 54.1 34.5
Curved 25.0 27.8 16.7 45.9 65.5
Surface Condition
Dry 80.8 9%.7 66.7 89.2 93.1
Wet, snow, ice, ete. 19.2 5.3 3.3 10.8 6.9
Atmospheric Conditions
Ko adverse cond. 8L.7 94.7 B3.3 91.9 96 6
Rain, sleat, ete. 15.3 5.3 16.7 8.1 3.4
Ko. Drivers 803 19 [ 37 29
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Table 5.12

Distribution of Ratings on Driver Responsibility

Value Label _ equency Percent
4 'Responsible 1436 76.3
3 Responsible/contributory 67 3.6
2 Contributory 55 2.9
b Contributory/none 33 1.8 .
lo Not responsible 283 - 15.0
8 Unknown resp. 8 - 0.4
Total - — 188z  100.0%
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with BAC, reflecting the well-established relationship of BAC to
driver impairment and relative crash risk. Figure 5.3 shows the
BAC-responsibility relationship for those drivers in our study who
had no drugs other than alcohol in their bleod. In addition to the
results for all crash types, the figure provides data for just the
multivehicle crashes. The latter are necessary to demonstrate that
responsibility rates do not merely reflect an increase of
single-vehicle crashes with BAC. Figure 5.3 shows that the
responsibility rates generally increased with BAC, with the
sharpest gain as BAC moved into the intoxication range beyond
0.10%. Ideally, responsibility rates should monotonically increase
with BAC. While our data did not quite meet this ideal, they did
support the general validity of the responsibility.ratings.

Table 5.13 gives a more detailed breakdown of <the
responsibility rates at lower BAC levels. The data exhibit a
systematic increase in responsibility rates as BAC moves from the
.01-.04% range to the .08-.10% range.

Respons ty., d s, and alcohol. Responsibility analysis
requires division of drivers into groups, and the SUBSAMPL variable
provided relevant categories. Table 5.14 shows the responsibility
rates of all the SUBSAMPL drivers. Note that the drugfree drivers
had a responsibility rate of 67.7 percent, the baseline against
which all the other groups are compared.

The first important set of comparisons is with the drug groups
listed under “Drivers With 1 Substance Only" in Takle 5.14. These
indicate the effects of a drug or drug group when it and only it
was found in the driver's bloed. A mnmajor handicap to the
responsibility analysis is the small number of cases in these
groups, except for alcchol. Only the drivers with alcoheol in their
blood had a responsibility rate significantly higher than that of
the drugfree drivers. The 83.3 percent responsibility rates of the
carboxy-cnly and the amphetamines-only drivers deserve comment.
The carboxy-THC result is suspect because of the small sample
(n=6), and the previously noted characteristics of this group, i.e.
young motorcyclists. The amphetamines result suggests that this
drug deserves further study.

Note that the responsibility rates of the THC-only and
cocaine-cnly groups are actually lower than that of the drugfree
drivers. Although these results too are inconclusive, they give no
suggestion of impairment in the two groups. The low responsibility
rate for THC was renminiscent of that found in young males by
Williams and colleagues (1986).

The responsibility rate of the benzodiazepine-only drivers was
nearly identical to that of the drugfree group. Here alsoc, there
is no suggestion of impairment.

The second important comparison set is under "Drivers With

Alcohol-Drug Combinations" in Table 5.14. Every one of the listed
groups had a responsibility rate significantly higher than that of
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Table S5.13

Driver Responsibility Rates at Low BAC Levels
(For all drivers with no drugs other than alccheol; n=1544)

% Responsible chi- Statistical
BAL Leval No. Drivers (Rated 3-4) Square Significance
C.00% {(drugfree) 9 67.T% .- --
01-.04% 3 &2.3% 0.5 N.S.
05-.07% 3 80.86% 1.7 K.S.
.0B-.10% 54 @4 4% 15.8 P<.00%
> D.11% 607 93.7X 139.19 P<.001

*
Chi-square tests compared BAC groups with the drugfree group.
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Table 5.14
Driver Responsibility Rates in Mejor Substance Groups

Kote: The groups below are mutually exclusive and mutually exhaustive.

N z ' Chi- 2 Statistical
Substances Present {Drivers) Responsible Sguare” Significance
Drugfree o9 67.7% - --
Orivers With 1 Substance Only
Alcohoi: BAC <.10% 120 75.8 2.9 Pl
Atcohol: BAC >.10% 1 625 93.9 144.7 P<. 001
THC {with or without carboxy) 19 57.9 0.4 N.S.
Carboxy-THC only é 83.3 0.1 . N.S.
Cocsine 7 7.1 g2.6 N.5.
Benzodiazepines 18 66.7 g.0 N.S.
Amphetamines 4 12 81.3 1.3 N.5.
Any other single drug 34 73.5 c.3 N.S.
Drivers With Alcohol-Drug Combination 5
Alcohol + THC (with or without carboxy)” 37 94.6 Ww.7 pP<.01
Aleohol + Carboxy THC only 29 93.1 7.2 P<,01
Aleohel + Cocaine 49 87.8 a.7 P<.0%
Alcohol + benzodiazepines 17 100.0 &.6 P<.02
Alcoho!l + Amphetamines 12 Nn.7 3.1 P<.
Aicohol + 1 aother drug not above 19 100.0 7.5 P<.01
Alcohol + 2 ar more other drugs &é 95.7 14.7 P<,001
Drivers With Nan-Alcohel Combinations® 5 84.0 2.3 N.§.
Missing a
Total drivers +asz

1Drivers whe were rated as “responsible™ or “responsible/contributory” were both considered
"regsponsible” far this amalysis.

EChi-square tests compared substence group wWith the drugfree group.

3For the 25 drivers with THC end/or carboxy THC, the responsibility rate is 44,0%, which does

not differ significantly from the drugfree rate.
4"Any other drug": These included barbiturates (6), antihistamines (6), sntidepressants (3),
narcotic anaigesics (5), antidepressants (3), and miscellsneous others,
5ror the 66 drivers with alcohol plus (THC and/or carboxy THC), the responsibility rate is
93.9%, which differs significantly from the drugfree rate,
6Non-a[cohclic drug combinations included stimulants plus another (11 drivers), barbiturates
plus ancther (B), end miscel laneous others,
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the drugfree drivers. However, since alcohol alone exhibited a
responsibility rate of $3.9 percent for BACs above .09%, the high
responsibility rates of the drug-alcchol combinations do not by
~ themselves support. an inference of drug contributions to driver
impairment.

The last drug group analyzed comprised the 25 drivers who had
twe or more nonalcoholic drugs in their systens. Their 84.0
percent responsibility rate was substantially higher than the 67.7
percent drugfree rate, but statistical significance was not
reached. Here again, the results were suggestive but inconclusive.

A major limitation of the results in Table 5.14 is that there
are no controls for potentially confounding variables. Attempts at
control are made in the following secticns.

Further examination of alcoheol-drug combinations. Because the

question of alcochel-drug additive or interactive (synergistic)
effects is an important one, the analyses of Table 5.14 were
extended by controlling for BAC. This was done by subdividing the
alcohol-drug combinations into those with BACs below 0.10% and
those at or above that level. In comparing each drug-alcohol group
with its alcohol=-only counterpart, no results were statistically
significant (Table 5.15), hence an inference of additive or
interactive effects was not supported. Among the low-BAC drivers,
however, the elevated responsibility rates for those other than the
cocaine-alcohol and amphetamine-alcohol drivers at least suggest
the possibility of drug contributions. Among the high-BAC drivers,
any drug contribution is harder to see because of the small
difference among the responsibility rates.

Table 5.15 also compares the responsibility rates of the
alcohol=-drug groups with the drugfree drivers. Because of the low
numbers in the low-BAC combinations, none of their responsibility
rates differed significantly from the drugfree rates. When the
low-BAC combinations were aggregated, however, their 83.8 percent
responsibility rate reached marginal statistical significance.
Among the high-BAC combinations, all the responsibility rates were
significantly different from the drugfree rate, except for the
small high-BAC amphetamine group. :

Since the results for alcohol-drug combinations at least
suggested the possibility of synergism, the analysis was carried a
step further by controlling more precisely for BAC. To permit the
generation of responsibility rates for several different BAC
levels, the analysis combined the alcochol-drug groups which
previously suggested synergism. They involved THC, amphetamines,
and the "“other" drugs. Alcohol-cocaine drivers were omitted
because they had no indication of the drug adding to the alcohol
effect. Figure 5.4 plots the responsibility rates of this group in
relation to BAC. For comparison, the alcohel-only graph is also
shown. The alcohol-drug responsibility rates are clearly higher
than the alcohol-only rates throughout the BAC range. The greatest
difference appears for BACs below 0.10%, where an ctherwise slight
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Table 5.5

Responsibility Rates of Alcohel-Drug Groups
Compared With Alcohol-Only and Brugfree Drivers

Low-BAE Groups: BAC < D.10%

_Low-BAC only

Low-QAL + cannabis3

Low-BAC + cocaine
Low-BAC + benzodiazepine
Low+BAC + amphetamines
Low-BAC + 1 other not above®

Low-BAC + sny 2 or wmore drugs

Groups (2)-(7) combined

High-8AC Groups: BAC) 0.10%

High-BAC only

High-8AC + cannabis®

High-BAL + cocaine

High+BAC + benzodiazepines
Kigh-BAC + amphetamines
Kigh-BAC + 1 other not above‘
High-BAC + any 2 or more drugs

Groups (2)-(7) combined

N
(Drivers)

120

8
-]
3

37

625
58
‘41
14

13
38
172

Comparisons with

Aicohol-Only Drivers

X% 1 Chi- > sgatjsgical
Resp Sguare” gignificance
75.8 -- --
87.5 0.1 N.S.
50,0 1.4 N.S.
100.00 0.1 N.S.
75.0 0.3 N.S.
100.0 0.8 N.S.
100.0 1.3 N.S.
83.8 £.6 N.S.
93.9 - -
94.¢ c.0 N.S.
95.1 0.0 N.s.
100.0 0.1 N.S.
100.0 c.0 N.S.
100.0 e.1 N.S.
4.7 0.0 N.S.
95.9 c.7 N.S.

3Cannabis includes tetrahydrocannabinol (THC) and/or its metabolite carboxy-THC.

&

Other drugs included barbituretes and miscel laneous others,
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Comparisons with
Drugfree Brivers

Chi- Statistical
Square Significance

2.9 P<.1

B.7 N.5.

0.5 N.S.

0.1 N.S.
0,1 K.S.

1.8 N.S.

2.5 N.S.

3.5 pe.t
144.7 P<.001
16.6 P<.C01
12.5 F<.001

5.2 F«,02

2.5 k.S.

4L.8 p<.05
1.1 F<.001
55.4 P<.OOD1.

Drivers who were rated as “responsible/contributing” were both considered “responsible® for this analysis.

The Thi-square tests compare Low-BAC+drug group with Low-BAC-only group, or High-BAC+drug group With High-BAC-only
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Figure 5.4 RESPONSIBILITY RATES, DRUGS, AND ALCOHOL:
Aicohol-Only vs. Alcohol Plus THC, Amphetamines, or Other Noncocaine Drug.
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And Controls For Possible Confounding Variables Such as Age.

71



alcohol effect seems to be raised to the equivalent of an alcohol
intoxication effect by the drugs. The results in Figure 5.4 must
be considered provocative but inconclusive.

A limitation of the analysis in Figure 5.4 is that the
necessity of combining data for different alcochol-drug combinations
obscures the effects of any one. Another limitation is that it
doesn't control for age or other variables. Figure 5.4 shows that
the average driver age varied among the points in the graph. In
the next section, however, we do impose controls in statistical
tests of the alcohol and drug effects.

Contrelling for other variables. Section 5.3 showed that the
SUBSAMPL, groups differed on many variables pertaining to the
driver, the wvehicle, and the crash environment. Any variable
related to drug presence in crashes could be the underlying
explanation for apparent drug impairment effects or their absence.
- This could happen if the wvariable is independently related to
driver responsibility. To explore the possikilities, the
responsibility relationships were examined for all variables in
Tables 5.8 through 5.10, except for manner of collision. (The
latter is an ocutcome variable, and is examined separately in a
later section.) The relationships were examined for the drugfree
drivers, in order to avoid the influence of alcchol and drugs.
Instead of showing the detailed results of this preliminary
examination, the results are summarized in Table 5.16. It shows
that only crash time of day and driver age were related to both
crash responsibility and to SUBSAMPL. These, then, are variables
that need to be contreolled in studying drug effects.

Crash time of day is related to driver responsibility as shown
in Table 5.17. The data suggest that if a drugfree driver has an
accident at night, he/she is less likely to be responsible than if
he/she had the accident in daytime. (A possible explanation for
this is that the drugfree drivers are more likely to be the victims
of alcochol-impaired drivers at night.) The relation of driver age
to responsibility is shown in Figure 5.5. It indicates that,
without the effects of alcochol and other drugs, the effect of age
on responsibility is guite strong. The drivers most likely to be
responsible for crashes are the oldest and the youngest.

To examine the influence o¢f alecohol and other drugs on
responsibility while contrelling for time of day and driver age,
logistic regression analysis was used. However, including the
individual drugs or classes was precluded because of their low
nunbers and the complexity it wculd have added. Consequently, the
analysis used NDRUGS, a variable simply counting the number of
nonalccholic drugs in the driver's blood. Age was trichotomized
into 15-24, 25-54, and 55-plus groups, while time of day was
dichotomized into a simple day-night variable. The results are in
Table 5.18. They confirm that crash respensibility is a function
of BAC, the number of nonalcohelic drugs in the driver's blood, the
driver's age, and the time of day. The prebability of a driver
being responsible increases with BAC and with the number of
ncnalcoholic drugs in her/his blood.
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Crash Circumstance
Ambient Conditions

Day of week

Time of day

Season

Land use

Ne. travel lanes
Horizontal alignment
Surface condition
Atmosphere cond,

Vehicle Variables

Vehicle type
Number of occupants

Briver Variables

Age

Gender

# Speeding violations
# Other viplations
Restraint system use

Table 5.16

Examination of Crash Circumstance Variasbles Potentially
Confounding of Drug-Responsibility Relationships

Related to
Drug Involvement

{SUBSAMPL)?

Y(P<.0001)
Y(P<.0001)
]

Y(P<.05)
Y{P<.05)
Y(P<.0001)
Y{P<.05)
Y(P<.10}

Y{P<.0001)
N

Y{P<.0001)
Y{P<.Q001)
Y{P<.007)

Y{P<.0001)
Y{P«<.0001)

Related to
Lrash

Responsibility?*

N
Y{P<.05)

TEXXEETE

N
Y(P<.01)

Y{P<.001)
N

*Relationships to responsibility were determined by examining gdrugfree drivers.
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Time of Day
12:01 AM, - 06:00 ALM.
06:01 A.M. - 12:00 Woon
12:07 F.M. - 06:00 P.M.
06:01 P.M, - 12:00 Midnight

Total

Tabie 5.17

Responsibility Rates by Time of Day
{Drugfree Drivers Only)

D Responsible Regggz;ible
a3 62.7% 37.3%
247 n.7 28.3
307 70.4 2.6

162 59.3 40.7

799 67.7% 32.3%
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Total

100.0%
t00.0
10C.0
100.0
100.0%
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All Drugfree Drivers (n=799)
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Table 5.18
Eqution for Predicting Crash Responsibility Resulting From Logistic Regression

Analysis on Entire Sample -
(SPSS/PC Advanced Statistics £.0)

variables in the Equation

Variable B S.E. Weld gf Sig R Exp (B

BAC L1810 L0100 139.7951 1 .DoeR L2719 1.1254
NDRUGS 3684 1373 7.2022 T .0073 L0528 1.4454
ACCTIME -.3226 1372 5.5235 1 .0188  -.0435 T244
DRAGEGRP 38,1242 2 .0000 1353
YOUKG LATBO L1944 L8387 1 .3598 L0000  1.1948
MIDLAGE -.6765 .1707 15.7011 1 .00t -.0857 .5084
‘Comstent  1.4403 .2190 43.2716 1~ .0000

BAC: = Blood aleohol concentration where 1 unit = 01X,
NDRUGS: = Number of nonalecocholic drugs in driver’s blood.

ACCTIME: 1 = 6AM-6PH 2 = 6PM-6AN
YOUNG: 1 = Age 15-24 Q0 = Cther sge
MIDLAGE: 1 = Age 25-54 0 = Other age

Probability (Responsible) = 1.44 + 0.118 (BAC} + 0.36B (MDRUGS)
- 0.322 (ACCTIME) + 0.178 (YOUNG) - 0,577 (MIDLAGE)

Exp (B} = Effect of a one-unit change in the predictor variable on

the odds ratio:
Prob (responsible)

Prob (not responsible)

Classification Table for Responsibility
Predicted
Resp = 0-2 Resp = 3-4

0 i 1
Dbserved | i 1
kResp = 0-2 @ I 0 } mn %
| | f
Resp = 3-4 1 I 0 { 1501 E
1 i |
Percent Correct - 80.2%
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It should be noted that the logistic regression program was
also run with an NDRUGS X BAC interaction term, but it was not
found statistically significant. Thus, the results suggested an
additive effect of drugs and alcohel, nct an interactive or
synergistic one. However, representing drugs by such a simple
variable as NDRUGS cannot do justice to the effects of individual
drugs, and the possibility of alcohol=-drug interaction effects
cannot be ruled out by the limited analysis.

From the size of their B exponents [Exp(B) in Table 5.18], we
can estimate the contribution of the independent variables. Each
additional drug in a driver's system seems to have an effect
somewhat larger than a .01% increase in BAC. (This is a rough
approximation, since the relation of responsibility to BAC was
nonlinear; indeed, it was fairly flat above 0.10% BAC) Clearly,
the BAC effect is much stronger than the NDRUG effect, but it
should be recognized that our analysis necessarily dilutes the
effects of impairing drugs by combining them with nonimpairing
drugs. )

The classification table at the bottom of Table 5.18 compares
the observed responsibility ratings with the ratings predicted by
the logistic model. It indicates a limitation of a driver fatality
sample; since so many were found responsible for their crashes, the
"best" prediction was to predict every driver responsible!

‘Summarizing, the logistic regression analysis provided greater
statistical power for testing the role of drugs and centrolling for
other variables than was possible in the previous analyses focusing
on specific drugs and drug combinations. However, the conclusions
possible are limited to general inferences about drugs. The
results indicate that the chances of a driver being responsible for
his/her crash increased with BAC and the number of drugs ingested.
Combining drugs with alcohecl seems to raise chances of responsible
_ecrash involvement above that for alcochol alone.

Relative risk analvysis. In a previous article (Terhune,

1983), it was shown that the relative crash risks of alcohol and
drugs could be estimated from responsibility data by making the
assumption that ‘“nonrespeonsible" c¢rash drivers comprise a
representative sample of drivers on the road. The drug and alcohol
proportions in that group, along with the comparable data for the
"responsible" drivers, are used to calculate the relative crash
risks. Using a sample of injured-but-surviving drivers, the method
yvielded a relative risk curve for BACs similar to that generated by
other studies using the more elegant case-contrel method. As a
suggestive exercise =-- though no more than that =-- the method was
applied to the data of this study. Since this is a driver fatality
study, the method estimates the relative crash risks of involvement
in a fatal crash. '

To calculate the relative crash risks, we advanced the
derivation beyond that in the 1983 article. It gives the same
result as the previous equation, "but it simplifies the
calculations. The new equation is: L
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Estimated relative risk = r; (100-r))/[r, (100-r,)]

where r. = responsibility rate of drug group i
and r, = responsibility rate of drugfree group

The derivation of the equation is given in Appendix J.

Before considering the results, the reader should understand
the following caveats:

(1) Nonresponsible drivers in fatal crashes may not bhe
typical of drivers on the road at the times and
places of all driver-fatality crashes.

(2) Small sample sizes for a drug group can produce
very misleading results; the relative risk
estimates are very sensitive to small changes in
high responsibility rates e.g., B85 percent angd
above. That is, at high responsibility rates,
small increases in a responsibility rate translate
to a large increase in relative risk. This is
effected by the (100-r,) term in the equation above.

In Table 5.19, we present the relative risk estimates only for
the substance groups whose responsibility rates differed
significantly from the drugfree rates. Note that for most
alcohocl=-drug combinaticns, the normalized relative risks exceed
that of alcohol-alcone for BACs at or above 0.10%.

5.4.2 Collision Type Analysis

Originally planned for this study was an analysis to see if
the drugs and drug groups varied in their associated ceollision
types. If so, the collision types could suggest how drugs cause
crashes. Unfortunately, the small numbers associated with the
individual drugs and drug classes made this approach impractical.
Alternatively, it is useful to examine a combination of collision
types which may reflect driver impairment. The combination
includes single-vehicle-crashes and head-on crashes in which the
subject vehicle crossed the road centerline.  Both crash types
involve the subject vehicle departing its travel lane; indeed, many
single-vehicle crashes involving road departure to the left might
have been head-on crashes had there been an oncoming vehicle.
Consequently, the two crash types were combined in an analysis of
"key collision types."

Table 5.20 shows the proportions of the SUBSAMPL drivers who
were involved in the key collision types. ©Note that only 47.9
percent of the drugfree drivers had such crashes, a result actually
higher than the 231.6 percent for the THC-present drivers, and the
. 42.9 percent for the cocaine-present drivers. All the other
substance groups were involved in the key collision types at rates
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Teble 5.1%
Estimated Relative Risk of Fatal Crash in Major Substance Groups
Whose Responsibility Rate Differed Signifieantly from the Drugfree Rate

EAUTTON: DUE TO LIMITATIONS OF THE METHODS, THESE RESULTS SHOULD BE CONSIDERED SUGGESTIVE ONLY.

Risk Relative to Drunfree Grogg
Subsirnce |nvolvement n kon-Normalized Hormalized” Laveats
Drugfree 70 1.0 1.0
Drivers With 1 Substance Only
Alcohol: BAC < _10% 120 1.5 1.2
Alcochal: BAC = .10% 625 7.3 6.5
Drivers With Alcohol:-Prug Combination
glcohel + THC 37 B.4 11.9
Alcohol + Carboxy THC 29 6.4 B.¢
Alcchol + Coczine 49 3.4 5.3
Atcohol + Benzodiarepinas 17 Indef. {args indet. large Note ¢
Alcohol + Amphetemines 12 5.3 Indef. large Note ¢
Alcohot + 1 ather nat above 19 Indef. large Indef. large Note ¢
Alcohol + 2 or more other 44 10.6 15.9
Notes

®gstimated relative risk = r. (1-r )/[r_ (3-r)]

where ri = responsibility rate of drugogroup, r, = resp. rate of drugfree group

buormalizatinn = Responsibility rate of grug group is adjusted by setting proportions on age

equal to those for the drugfree group. In some cases normalizetion was limited only to those
age groups where there were sufficient numbers of cases.

Csmall subsample makes estimates especially tenuous,
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Table 5.20
Irwvolvement in Key Collision Configurations by the Sampled Drivers

MNote: tThe groups below are mustually and exclusive asnd mutually exhaustive.

. X 1 chi- 2 statistical
nces Pr {Drivers) Key Coliisions $gquare Signiticance
Drugfree 803 LT.9% -- --
Privers With 1 Substance Dnly
Aicohol: BAC «<.10 120 65.90 1.5 p<.001
Alcohol; BAC >.10 627 85.0 208.8 p<.001
TBC {(with or without carboxy) 19 3.6 1.4 K.S.
Carboxy-THC only é 50.0 0.1 N.S.
Cocaine 7 42.9 0.0 K.S.
Benzodiazepines 18 66.7 1.8 K.S.
Amphetamines 3 ' 12 66.7 1.0 x.S.
Any other drug 34 &7.6 4.3 p<.05
Brivers With Alcohol-Orug Combinations
Alcohol + THC 37 78.4 11.9 . pe.00
Alcohol + Carboxy THC 29 89.4 17.9 p<.C01
Alcohol + Cocaine 49 9.6 17.3 p<.001
Alcohol + Benzodiazepines 18 83.3 7.5 pe.01
Alcohol + Amphetamines 13 69.2 1.6 i.S.
Alcohol + 1 other drug not above 19 74.9 6.0 p=<.02
Alcohol + 2 or more other drugs L& 87.0 26.% p<.0O1
Drivers With Non-Alcohol Combinations® 25 80.0 8.7 p<.01
Totel drivers ‘ 1882
b]

The ¥key collision configurations® are single-vehicle crashes and the vehicle crossing the centeriine in head-
on crashes. The 2 types are combined in the data above. Example: 47.9% of the drugfree drivers were in a
single-vehicle crash or were driving the vehicle that ¢rossed the centerline in a head-on crash.

z(:h'i-a-.quar'e tests compared substance group with the drugfree group.

3"Any other drug": These included barbiturates (&), sntihistimines (&), narcotic snalgesics (3),

antidepressants (3}, and miscellsneous others.
‘Non-atcoholic drug combinations included stimulants plus another drug {11 drivers), barbiturates plus another

drug (8), and miscellaneous others.
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substantially higher than the drugfree rate, although the
arphetamine~only and benzodiazepine-conly rates did not reach
statistical significance. The drivers with non-alcohol drug
combinations also had a very high rate, suggesting an effect
similar in strength to alcohol intexicatien.

. In summary, the key collision analysis is a method which may
be more sensitive than responsibility analysis, and it bears
consideration in future studies. Substantively, it suggests no
impairment effects when cannabis or cocaine are present alone, but
other drugs and drug combinations may be contributing to fatal
crashes. Alcohol again exhibited the predominant impairment
effect. o

5.4.3 FARS Driver Causal Factors

The FARS database includes a variable that lists any driver
factors among the crash causes, as judged by the police and/or the
FARS analysts. We have no infermation on the reliability or

‘valigdity of those judgments, and it is possible that they contain

coding bias due to Xknowledge of the driver's age, alcohol
ingestion, and other factors. As long as these limitations are
kept in mind, the FARS factors can suggest how drugs effect
crashes. '

Driver errors may be coded in FARS as a first, second, or
third causal factor. For this analysis, only mentions as a first
causal factor were analyzed. Under the heading Y“Any Error" in
Table 5.21, highly significant differences among the SUBSAMPL
groups are shown. The substance groups with an erreor rate nmuch
higher than the 69.4 percent rate of the drugfree group were the
amphetamine-only group, all the alcohoel groups, and the non-alcohol
combinations.

Of the specific kinds of error, only speeding and lane-
maintenance errors were frequent enough to permit meaningful
comparisons among the driver groups. Differences among the groups
were significant for beth variakles. Considering speeding first,
note that 14.4 percent of the drugfree drivers had been speeding.
Similar speeding rates were found in each of the non-alcohol drug
groups, except for the high 42.9 percent rate in the small cocaine-
only group. In contrast, every driver group invelving alccheol had
a speeding rate much higher than the drugfree rate. 1In the two
alcchol-conly groups, the speeding rates increased with BAC. These
results suggest that speeding is primarily an alcochol effect.

Note that the speeding rate for drivers with alcohol combined
with carboxy-THC is much higher than the rate for drivers with an-
alcohol-THC combination. The high speeding rate of the alcohol-
carboxy group may reflect in part a tendency of fregquent cannabis
users.
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Table 5.21

FARS Driver Causal factors in Relation to the Substance Groups

‘ . Right
N Any Lane of ey
Substance Involvement {Drivers) Mone Error Speeding Maintenance Inattentive Error Other Total
Drugfree 772 30.6%  69.4% 16.4% 15.5% 5.8X ?.3% 24.6%  100.0%
Drivers With 1 Substance Only
Alcohol only; BAC «<,.10 116 18.1 BY.® 25.0 25.9 4.0 0.9 261 100.0
Aleohol only; BAC »,10 814 9.3 90.7 36.6 1 25.4 5.9 2.1 20.7 100.0
THC (with or without carboxy) 18 4.4 55.6 1.1 ' 1141 1na 0.0 22.2 100.0
Carboxy THC only ) 50.0 50.0 16.7 16.7 0.0 0.0 16.7 100.0
Cocaine only 7 42.9 57.1 42.9 0.0 0.0 0.0 14.3 100.0
Benzodiszepines only 18 313.3 66.7 11.1 33.3 0.0 0.0 22.2 100.0
Amphetamines only 12 8.3 0.7 16.7 16.7 16.7 16.7 25.0 100.0
Any other drug 33 24.2 5.8 18.2 21.2 121 6.1 18.2 100.0
Drivers With Atcohol-Drug Combination
Alcohol + THC 37 8.1 1.9 29.7 21.6 8.1 0.0 32.4 100.0
Alcohol + Carboxy-THC 28 10.7 8¢.3 42.9 21.4 10.7 0.0 14.3 100.0
Alcohol + Cocaine 48 12.5 B7.5 8.7 2.9 4,2 0.0 18.8 100.0
Alcohol + Amphetamines 13 0.0 100.0 30.8 30.8 7.7 0.0 30.8 100.0
Alcohol + Eenzodiazepines 17 17.6 82.4 35.3 11.8 0.0 5.9 29.4 100.0
Alcohol + 1 other drug 19 10.5 89.5 3.6 211 .0 5.3 31.6 100.0
Alcohol + 2+ other drugs 46 13.90 87.0 32.6 26.1 £.3 2.2 2.7 100.0
Orivers With Hon-Alcohol Combinations 24 8.3 n.7 16.7 29.2 8.3 8.3 29.2 100.0
Missing . 54 .
Chi-square - - 127.2 110.4 30.0 - 57.2 - -
Significance - - P00 P<,000% P<.01 - P<.0001 - -



Lane-maintenance error rates did-not differ as dramatically
among the substance groups as the speeding rates. The drivers with
distinctly the highest  of these error rates were those with
benzodiazepines only, with alcohol combined with amphetamines, and
non~-alcchol érug combinations. Whereas speeding seems to have been
clearly associated with alcohol, the lane-maintenance results
suggest that other drugs may impair a driver's ability to remain in
her/his driving lane.
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6.0 TIME FACTORS IN DRUG DETECTION

In Chapter 3 we noted that in specifying the sampllng criteria
of acceptable driver survival time and death-to-specimen time,
trade-offs were necessary in balancing methodological ideals
against practical considerations at the sampllng sites. A useful
methodologlcal contribution of this study is provided by taking a
retrospective loock at these time factors, to see if they had an
effect on drug detection.

6.1 Survival Time and Drug Detection

Survival time is operatlonally defined as the elapsed time
between the police-reported time of a crash and the coroner/M.E.
reported time of the driver's death. These may be estimates, as
when the fatal crash is discovered hours after its occurrence.
Studies on drugs in crashes usually are limited to drivers who died
within an hour or two after the crash, in order to maximize the
chances of finding drugs that were in the driver's blood when the
crash occurred. Since this study accepted drivers who survived up
to four hours, it is important to see whethetr the survival time has
much effect on drug prevalence rates.

Figure 6.1 shows the overall prevalence of alcohol and other
drugs within (a) drivers reported to have died in their crash, (b)
drivers who died within one hour, and (¢) drivers who died within
four hours. (Each of these groups successively includes the
previous group.) The groups do not appear to differ much in their
results, suggesting that we would have drawn similar inferences of
the overall magnitude of drug prevalence regardless of which cutoff
between 0 and 4 hours was used in sample selection. Only a slight
increase in the "drugfree" drivers may be observed in going from a
survival time of zero (died in c¢rash) to survival up to four hours;
this suggests that occasionally drugs were lost to detection with
the longer survival times. A reason why the survival time would
have only a minor effect on the overall prevalence rates is that
only 6.3 percent of the sampled drivers survived beyond two hours
(Figure 6.2).

A more specific picture of the effect of survival time on drug
detection is provided by Table 6.1. It shows that survival time
was related mainly to alcohecl detection, whereby the detection of
intoxication-level BACs was lowest in the fourth hour. Results for
the other drugs were encouraging, however, for only the
barbiturates exhibited an effect of survival time. Even with
those, the deviating value is limited to the third survival hour,
and it could have been spurious.

Figure 6.3 provides another view on the alcohol relation to
survival time. It may indicate that for drivers surviving beyond
two hours, there are substantially increased chances of failure to
detect alcohol that was present during the crash. However, the
data may also reflect the fact that high=-BAC drivers are more

84



8

o220 % %
77
- o ,//f 4 7 o ,//

e

&

[7 7 A
LA A A A A A A A
KR X AN
’."Q‘.Q L)
"

.'4, P c S

v wweveyw

R

LAl M) "‘.".
()

Percent of Deivers
S
1

8

&
%
ot

»

@

()

a%atetet
&
g
&

2505

%

L)
&
)
()
L)
)
L)
L)
L)
()
L)

+*

050
&,

2604
()
5%

)
.‘

2%

=

%
2548

()

%%

L)

*
()
L)
()
O
*
()

*

S

XX

)

"
0

*

Died in Crash Died <1Hr Died =<4Hr
Survival Time

@ Drugfree Alcobol alone
@ Other Drug Alone Nonalcohol comb. -

4 Aleohol—Drug Comb.

Figure 6.1 BLOOD COMPOSITION IN RELATION TO SURVIVAL TIME
(Weighted Data) '

BE



50

30

Percent of All Drvers

10

5 R sy

Diedincrash  (.i1to 1.0hr 11tc20hbr 21to3.0hr 31to4.0br
Survival Time — Hours

Figure 6.2 DISTRIBUTION OF DRIVER SURVIVAL TiMES

86



Table 6.1

prug Class Prevalence Rates in Refation to Time Interval
Between Crash and Driver’s Death*

Time of Death After Crash

Died 1st and 3rd 4th chi- Statistical
Drug Cless* in Crash Hour Hour Hour  HNour $guare  Significance®*
Alcohol: BAC <.10 8.0% T.72 9.6% 9.2% 14.9% 3.8 P<.06
Aicohol: BAC ».10 45,1 42.1 44,9 26,2 23.4 16,7 P<,003
Cannabincids 7.0 g.1 4.3 6.2 | 6.7 N.S
Cocmine 4.4 4.7 4.6 0.0 &.4 3.6 N.S.
Amphetamines 2.7 1.5 2.3 1.5 c.0 4.0 N.5.
Benzodiazepines 2.9 3.7 3.3 3.1 4.3 0.9 K.5.
Barbiturates 0.9 1.6 1.7 6.2 2.1 11.0 P<.05
Narcotic Analgesics 6.9 0.9 1.0 1.5 2.1 1.0 K.S.
Antidepressants 1.1 0.9 0.3 0.0 0.0 2.4 K.5.
Antihistamines 0.8 0.5 .3 1.5 2.1 3.3 %.5.
Hallucinogens 0.2 0.4 .0 0.0 0.9 2.0 H.S.
Antiarrythmics 0.0 0.0 0.3 0.0 0.0 5.2 N.5.
Muscle Relaxants - 0.0 0.1 0.0 0.0 0.0 1.3 N.S.
Nonbarbit. Sedatives 0.0 0.0 0.0 ¢c.0 0.0 .- N.5.
Antipsychotics e.D 0.0 0.0 0.0 0.0 -- N.5.
No. of Drivers 666 806 n3 &5 &7

*All percentages in & tolumn are based on the total rumber of drivers who died within
the time interval at the top of the colum. For example, of the 656 drivers who
died in the c¢rash, 7.0% had cannabinoids in their biood.

Hote that the percentages are non- -additive, for more than one substance may be found
in a blood specimen.

**prug classes include metabolites as well as parent drugs., Specific drugs included
in the cissses are:
Cammabinoids: Tetrahydrocannabinal, Carboxy THC
enzod:azegme : Diazepam, Nordiazepam, Lorazepam, Flurarepam, uesethylﬂurazem,
Alprazolam, Dxazepam, Chlordiazepoxide, Desmethyichlordiazepoxide
Barbiturates: Phencbarbital, Secobarbital, Butabarbital, Butalbital, Pentobarbitst,
Amobarbital
Narcotic Analgesics: Meperidine, Methadone, Propoxyphene, Norpropoxyphene, Oxyco-
done, Codeine, Morphine, Heroin
Antidepressantt: Amitriptyline, Wortriptyline, Imipramine, Desipramine, Doxepin,
Desmethyidoxepin, Fluoxetine, Norfluoxetine
Antihistamines: Diphenhydramine, Chiorpheniramine
Hallucinogens: Phencyclidine, LSD
Antiarrhythmics: OQuinidine, Procsinamide, N-Acetylprocainamide, Lidocaine, Flecain-
ide
Muscle Relsxents: Cyclobenzaprine
Nonbarbiturate Sedatives: Ethchlorvynol, Methagualone, Meprobamate
Antipsychotics: Chlorpromazine, Thioridazine, Mesordiazine

*a*seatistical significance {s the resuit of chi-square analysis comparing incidence
rates acrass the time intervals.
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Table 6.3

Orug Class Prevalence Rates fn Retation to Time Interval
Between Death and Drawing of Blood Specimen*
--For drivers who died within 2 hrs. of crash--

Time Between Death and Drowing of Blood Specimen Chi- Stat{sticel
Drug Cless** LE 8 hr, 8.1-12.0 hr. 12.1-24.0 hr, 24.1-48.0 hr. 48.1-96 hr, Sqguare Signiflicance***
Alcohol: BAC <.10 7.1% 6.3% B.2% 8.1% 13.7X 5.7 N.S.
Alcchol: BAC >.10 3e.7 7.2 36.2 £3.4 0.9 71.8 P<, 001
Cannabincids 5.6 10.5 G.8 6.6 7.4 B.5 P<.08
Cocaine 4.5 3.6 4.0 7.9 2.5 B.2 P
Amphetoamines 0.5 1.8 2.2 4.1 7.4 30.3 P, 00017
Benzodiszepines 2.6 &.7 5.3 1.0 2.1 10.2 P<. 04
Barbiturates 1.3 1.6 1.9 0.5 0.0 3.2 .5,
Narcotic Analgesics 0.8 0.5 1.3 0.5 1.1 1.5 NS,
Antidepressants 0.8 1.0 1.1 1.5 0.0 1.7 N.S.
Antihistamines 0.7 0.0 0.5 0.5 2.1 4.7 N.5,
Hetlucinogens 0.3 0.0 0.0 0.5 1.1 4.1 N.S.
Antiarrythmics 6.0 0.0 0.0 0.0 0.0 -- n.S.
Muscle Retaxants 0.2 0.0 0.0 0.0 0.0 1.4 N.S5.
Nonbarbit., Sedatives 0.0 0.0 0.0 0.0 0.0 .- NS,
Antipsychotics 0.0 0.0 0.0 0.6 0.0 -- N.S.
No. of DBrivers 605 M 378 198 95

*Al! percentages in & column are based on the totsl number of drivers whose blood specimen wss drawn within the time
interval at the top of the colum. For exemple, of the 605 drivers whose blood was draun within 8 hours after desth,
5.6% had cennabinoids in their blood,

Note that the percentages sre non-additive, for more than one substance msy be found in & blood specimen.

**brug classes include metesbolites ms uwell as parent drugs. Specific drugs included in the classes are:
Capnabinoids: Tetrshydrocannabinol, Cerboxy THC
Benzodiazepines: ODiezepam, Nordiarepam, Lorezepam, Flurazepam, Desethylflurazepam, Alprazolam,
Oxazepam, Chlordiazepoxide, Desmethylchlordiazepoxide
Barbiturates: Phencbarbital, Secobarbitsl, Butabarbital, Butaibitat, Pentobarbital, Amobarbital
Mercotic Analgesics: Meperidine, Methadone, Proponyphene, Norpropoxyphene, Oxycodone, Codeine, Morphine,
Meroin
Antidepressants: Amitriptyline, Hortriptyline, Imipremine, Desipromine, Doxepin, Desmethyidokepin,
Fluoxetine, Norfluoxetine
Antihistamines: Diphenhydramine, Chlorpheniramine
Hallucinogens: Phencyclidine, LSD
Antiarrhythmics: Quinidine, Procsinsmide, N-Acetylprocainamice, Lidocaine, Flecainide
Muscie Relexants: Cyclobentaprine
Nonbarbiturate Sedstives: Ethchlorvynol, Methagualone, Meprobamate
Antipsychotics: Chlorpromazine, Thioridazine, Mesordiazine

sesgtatistical significance is the result of chi-square analysis comparing incidence rates scross the
time intervals.
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in Figure 6.6. Among the four drug groups, the amphetamines most
clearly suggest a systematic relation to elapsed time. The
amphetanine rates increased with time, which could result from
" amphetamines stored in tissue migrating into the bloodstream. This
may be a characteristic of those who were longtime users of
amphetanines.

The relationships in Table 6.3 and Figures 6.4 and 6.5 led us
to inguire further for an explanation. We learned that postmortenm
change of drug concentrations in blood specimens is a phencmenon
known as "postmortem redistributien of drugs" (Anderscon and Prouty,
1989} . While the alcochecl and amphetamine relationships to
death-specimen time may be examples of this phenomenon, the
relationships for the o¢other drugs may not be. All the
relationships will be influenced by variations among the sites in
the rapidity with which they were able to extract the spec1mens.
Table 6.4 shows that there were hlghly significant differences
ameng the sites on that dimension. These, combined with site
differences in drug prevalence rates, may have effected some of the
relationships in Figure 6.6. A check was made to see if those
relationships were maintained within individual sites, but the
lower numbers and low prevalence rates produced only erratic
patterns. Consequently, the reliability of the patterns in Figure
6.6 could not be established.

6.3 Another Look at the Prevalence Rates

The analyses above suggest that the reliabkility of alcchol and
drug prevalence rates in epidemiclogical studies of alcohocl and
~drugs in driver fatalities will be better assured by limiting the
acceptable survival time to two hours for the sample, and by
obtaining blood specimens no more than six hours after death. To
approximate the effects of such limits, Figure 6.7 shows the
alcohol and drug results for the 629 drivers who died within two
hours and whose blood was taken within six hours. The effect is to
reduce the alcohol and drug prevalence rates somewhat:; the drugfree
rate increased by 8 percent over its level in the entire sample
(Figure 5.1). It must be understood, however, that Figure 6.7
cannot represent the results that would be obtained had all the
specimens been obtained within the specified time limits; selecting
the data that way biased the sample toward sites 1like North
Carolina and Wisconsin, which collected nuch of their data shortly
after the drivers died.
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Table 6.4

Site Comparison
Time Interval Between Death and Drawing of Blood Specimen

Chi-Square of site differences*: X2 = 1916.79 p<,0001
ANOVA test of difference among means: Fi12,1849 = 239,01 pe<.00t

*To meet the expected frequency requirements for chi-square snalysis, the time intervale 2.1-3.0 and 3.1-4.0 were combined.
Also, the Alameda and Solano sites were combined, as were the Wisconsin sites,

California Massachusetts N, Carolina  Virginia Wisconsin Texss
Time San- Sen-  Los
Interval Alameda Solano Bernadine piego Angeles Mg, District Hilwsukee Else Tarrant Dallas
LE 1 hr,  2.5% 0.0% 0.0% 0.0x 1.0% 1.7X 26.6% 1.2% 0.0% 7.7 0.0 0.9%
1.1-2.0 hr. 0.0 0.0 0.0 0.0 0.0 0.0 5.7 0.0 0.0 n.o 0.9 0.0
2.1-3.0 br. 0.0 0.0 0.0 0.0 9.9 1.7 a3 0.0 2.8 17.7 0.9 0.9
3.1-4.0hr, 0.0 0.0 e.0 0.0 0.0 1.7 5.1 1.2 0.0 7.8 2.8 2.6
4.1-8.0 hr. 17.5 _ 4.0 6.7 4.1 9.0 13.9 11.7 3.6 16.7 2.6 Mn.3 2.4
8.1-12.0 hr. 20.0 24.0 3.7 20.0 3.1 20.8 10.8 6.0 16.7 5.2 29.2 9.1
12.1-24.0 hr. 52.5 8.0 6.7 53.1 10.4 40.5 18.5 28.9 47.2 9.6 49.1 8.7
26.1-48.0 hr. 5.0 24.0 31.3 22.8  54.2 17.3 2.8 &34 13.9 1.4 5.7 4.3
48.1-72.0 hr. 2.5 0.0 26.1 0.0 19.8 1.7 0.4 15.7 2.8 0.0 0.0 0.9
72.1-96.0 hr. 0.0 0.0 3t.3 0.0 1.5 0.6 0.2 0.0 0.0 0.0 0.0 0.0
Totel X 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
_Total Drivers 40 Fa] 134 145 ) 173 530 83 36 345 1056 115
Mean Time 14.9 18.9 55.2 18.5 42.1 17.3 5.9 30.0 i7.6 LN 13.6 134
{Hours)
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7.0 D:SCUSBION AND CONCLUSIONS

Most of this chapter is devoted to discussion and conclusions
on substantive matters -- the prevalence and role of drugs in
driver fatalities. After that, methodological considerations for
future research are discussed.

7.1 The Prevalence and Role of Drugs in Driver Fatalities

The main objectives of this study were to learn the extent to
which drugs are found in fatal crashes, and to determine the causal
rcle of drugs in those crashes. An additional objective was to
learn about the circumstances in which drugs were detected. The
results concerning these objectives were presented in Chapter 5,
and here we draw our conclusions from those results. In so doing,
we take into account the methodological limitations of the study.

7.1.1 Alcohol: Still a Dominant Problem

Although drugs other than alcochel were the basic focus of this
study, the. dominance of alcchel in +the fatal crashes was
inescapable. Fully 40 percent of the drivers had only alcchel in
their systems, and another 11 percent had alcohel combined with
drugs. No single drug, nor all the other drugs combined,
approached the prevalence of alecohol. And, of all the drivers with
alcchel in their blood, 83 percent had BACs over 0,10%, and 63
percent were at or abOVe .15%, well into the intoxication range.

To be sure, there are reasons to believe these figures are
inexact as estimates of the total involvement of alcohcol. our
sample included-drivers surviving as long as four hours after their
crashes, and alcohol prevalence may be underestimated among those
surviving the longer periods. ©On the other hand, the data in
Chapter 6 suggested that overestimation of blood alcohol presence
could have resulted when the specimens were taken more than a few
hours after death. These phenomena offset each other to some
extent, and the obtained rate of alcohol prevalence may not be far
from the actual one.

Alcohol is also ublqultous. Unlike some drugs whose
popularity seems limited to certain regions, alcchol involvement
was hlgh at every sampling site. Its prevalence ranged from 40
percent in the fatalities from Califernia's San Bernadinec County to
69 percent in the Fort Worth area of Texas. It was about as
prevalent in rural crashes as in urban cnes. '

Yet it is not its prevalence alone that makes alcohol a great
highway safety problem. Judging by its effects on drivers, it is
one of the most impairing of drugs. Among the 625 drivers who had
BACs at or above 0.10%, the responsibility rate was an
extraordinary 94%, well above that found for any other single
substance. Alcohol presence was also associated with curve crashes

and with speeding.
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Finally, the study provided evidence suggesting that even at
BACs below 0.10%, alcochol combined with some drugs may have an
impairing effect equivalent to alcohol intoxication. This is a
finding needing clarification in future research, but it does
denote another dimension of the alcohol problem.-

Certainly, there is nothing new in acknowledging that alcohol
is a most serious highway safety problem, a fact which the public
has long recognized. This study adds emphasis, however, by showing
alcoheol's predominance when compared with other drugs.

7.1.2 Drugs Other Thar Alcohol: A Limited Problenm

In overview, the following were learned about drugs in fatal
crashes at the locations sam_pled: _

(1) Drugs were significantly 1less prominent <than
alcohel in the fatal crashes. Altogether, 18
percent of the drivers had one or more of the
tested drugs in his or her system, and only .6
percent had drugs without alcohol. We found that
the overall prevalence rate for drugs other than
alcohol was about 5 percent higher in urban than in
rural areas. '

(2) The drugs most prominent were cannabis (7 percent
of the drivers), cocaine (5 percent), benzo-
diazepine trangquilizers (3 percent), and amphet-
amines (2 percent). Regional variations were
apparent, with amphetamines being limited mainly to
California counties.

(3) Evidence of causal contributions of the drugs to
the crashes was very limited. The analyses were
handicapped by the small numbers of drivers with
specific drugs, which limited our capability te
control for key variables such as driver age. In
the absence of alcohol, no drug or drug group
evidenced a driver responsibility rate
significantly different from the drugfree control
group. When drugs were combined with alcohol, no
drug or drug group exhibited a responsibility rate
significantly different from alcohol by itself.
However, responsikbility rates increased with the
simple number of drugs in a driver's system, a
statistically significant result similar to that
found among young males by Williams and colleagues
(1985). We alsoc found that when controlling for
specific BAC levels, the aggregated alcohol-drug
combinations (excluding cocaine) had consistently
higher responsibility rates than the drivers with
alcohol alone, an effect most pronounced at BAC
levels below 0.10%. This last finding, however,
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needs confirmation with samples permitting controls
for confounding variables like driver age.

(4) Alcohol tended to be combined with certain drugs.
It was present in 4 out of 5 drivers with cocaine
in their systems, and in 2 out of 3 drivers with
cannabis, antidepressants, or benzodiazepines in
their hlood.

The most prevalent drugs deserve additional commentary, as
follows.

Cannabis. While cannabinoids were detected in 7 percent of
the drivers, the psychoactive agent THC was found in only 4
percent. Although cannabinoids were found in few drivers over 55
years old, cannabis was not entirely a drug of youth. A majority
of those with THC in their blood (indicating recent ingestion) were
" in the 25-54 age range. Anong those with only carboxy-THC in their
blood (indicating less recent ingestion), most of these drivers
were in the 15-24 age range, and a majority were motorcyclists.

Both cannabinoids invelved substantially more male than female.

drivers.

~ The THC-only drivers had a responsibility rate below that of
the drugfree drivers, as was found previously by Williams and
cclleagues (1985). While the difference was not statistically
significant, there was no indication that cannabis by itself was a
cause of fatal crashes. However, the responsibility rate for the
alcohol-plus-THC combination was 95%, and the normalized relative
risk for the combination was higher than alcochol by itself in the
intoxication range. Again, small numbers of cases and lack of
statistical significance justify only the conclusion that the
possibility of a cannabis-alcohol additive effect is suggested by
the data and it merits further research. '

For the six drivers with only carboxy~THC in their blecod, the
responsibility rate was 83%. While higher than the drugfree rate,
the difference was not statistically significant. (Further
commentary on these drivers is given in Section 7.1.3.)

Cocaine. By itself, cocaine was found in only 7 drivers.
Such a small number hardly justifies a responsibility rate, but it
may be noted that it was about the same as the THC-only rate and
not significantly different from the drugfree rate. Like cannabis,
the CNS=-stimulant driver groups involved males much more than
females.

Cocaine was most frequently combined with alcohol. Like all
other drugs, the combination did not yield a responsibility rate
significantly different from alcohol alone. Unlike THC, the
results did not suggest the possibility that cocaine adds to the
impairment of alcohol. Again, however, no firm conclusion is
justified because of the statistical limitations. '
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Amphetamines. Amphetamines alone were.present in only 12
drivers, but their 83 percent responsibility rate was well above
the 68 percent rate of the drugfree drivers. Again, results were
not statistically significant, soc the only conclusion justified is
that the data suggest the possibility of an impairment effect.

Alcohol was combined with amphetamines less freguently than
with cocaine. There were suggestions in the results, e.g. with the
normalized relative risk data, that amphetamines may add to the
impairment of alcohol. Once again, statistical limitations justify
no firm conclusions. .

edjcinal iption . These substances were -
detected -infrequently in the sampled drivers. - The largest
medicinal group was the benzodiazepines, found in only 3 percent of
the drivers. Most of the benzodiazepines were diazepam (Valium
(R)}. The medicinal drugs were generally found in older drivers,
about half being 55 and older. Unlike the other groups, the
benzediazepine drivers included mainly women.

The responsibility analysis for these groups gave little
indication of impairment effects when these drugs were present
alone. The responsibility rate of the benzodiazepine-only group
was virtually identical to the drugfree rate. A major caveat is
necessary here, however: the small numbers for any particular drug
or class prohibited analyzing them separately. Even smaller
numbers would e involved by concentrating on the elderly drivers,
a group found to experience elevated crash risks from medicinal
drugs (Ray et al., 1992). Those relative risks were mostly in the
range of 1.1 to 2.2, which correspond to responsibility rates
around 69-81 percent, assuming a drugfree rate similar to our
sample. For the drug rates to be statistically significant with
individual drugs in an elderly subsample, a sample size much larger
than in this study would be needed.

7.1.3 Effects of Drugs or Effects of Users?

A nagging question which qualifies conclusions from
epidemioclogical studies of drugs in crashes is: If certain drugs
are linked to elevated crash risks, how much of the elevation is
due to characteristics of the people who use those drugs? In
Section 5.3.1 we reported that the driver substance-group
categories were significantly related to every driver variable
exanined: age, gender, number of speeding violations, number of
other traffic violations, and restraint system use. We had no data
on personality characteristics, but there may be personal
attributes common to some user groups that can increase their crash
risks. For example, Terhune's (1986) review of research revealed
a striking similarity between the personal correlates of marijuana
use and the correlates of crash involvement. Rebellious, deviant,
youthful males were prominent among marijuana users and among those .
in crashes. '
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. Unfortunately, theé data of this study include nothing on the
personalities or psychosocial history of the drivers. There were,
however, clues suggesting that something besides drug impairment
"contributes to the crashes of drug-present drivers. The clues
were: - .

o Drivers with carboxy-THC or amphetamines in their
blood had high responsibility rates, but the active
form of the drug may not have been in the driver's
blood during the crash.

o Drivers with previous traffic violations,
especially speeding, were overrepresented in most.
- of the drug groups. While drug use could have
caused that behavior, the drug use may simply have
been part of a broader behavior pattern.

Consider the drivers in whom only carboxy-THC was detected.
The carboxy showed that they had ingested cannabis at scome time
previocus to their accident, but the psychoactive THC was no longer
in their blood. Nevertheless, this group had an 83 percent
responsibility rate, well above the drugfree rate. It is possible
that this reflects cannabis impairment, but then we would éxpect
the THC-only drivers to have a responsibility rate much higher than
the 58 percent that was found. While it is true that impairment
has been found up to 24 hours after cannabis ingestion (Leirer,
Yesavage, and Morrow, 1991), it is also true that carboxy-THC may
be found in plasma several days after marijuana smoking (Barnett
and Willette, 1989). It is noteworthy that the carboxy-THC group
comprised mainly motoreyclists under age 25 (all males), with the
highest record of previous speeding violations of any of the
SUBSAMPL driver groups. Again we are hampered by small numbers
(only 6 drivers), but we would not infer that cannabis caused the
high responsibility rate of these drivers. ’

Another questionable group comprised the 12 drivers with only
amphetamines in their blood. They too had an 83 percent
responsibility rate. ©Unlike the carboxy-THC group, this one was
predominantly in the 25-54 age range. This group also had a
history of driving violations greater than the drugfree group,
although the record was not as pronounced as in the carboxy~THC
drivers. Our analysis in Chapter 6 suggested that amphetamines
could have been in the blood of some drivers as the result of the
specimens being taken several hours after death, during which time
the amphetamines could have leached from tissue back into the
blood. There may have been a history of amphetamine use, but the
amphetamines may not have been in the blood at the time of the
crash. If this is true, what would explain the high responsibility
rate of this group? It is quite possible that the amphetamines
were used by some drivers to compensate for lack of sleep, and that
fatigque was the dominant cause of their crashes.
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The confounding of drug effects by personality and behavioral
patterns is a possibility that must be considered in making
inferences from research on drugs in crashes. The problem is as
applicable to studies using control groups of on-the-road drivers
as to crash studies using responsibility analysis. It is less of
a problem regarding alcohcl, where the correlation of BAC to crash
risk is convincing evidence of the effect of alecohol. With drugs,
unfortunately, a parallel relationship of concentration to crash
risk has not been demonstrated.

7.2 Methodological Considerations

A drug study as extensive as this is expensive to conduct,
particularly because of the costs of operating the data collection
system and the costs of comprehensive blood assays. It behooves
us, consegquently, to identify any methodological improvements that
could increase what is learned in future research, and perhaps
reduce costs. That we do here. :

7.2.1 Driver Fatality studies

Chapter 1 concluded by reviewing the main benefits and
limitations inherent in a driver fatality study. In addition,
factors that may be controlled to increase the successfulness of
the research are as follows:

-

(1) Employ an on-site field staff. Without exception,

the coreoner and medical examiner staffs
participating in this study were most cooperative,
but necessarily and properly they had to give first
‘priority to the conduct of their official duties.
Many were still able to meet the needs of this
study very well, but the sample completion rates
showed this was not always the case. Having field
representatives of the research organization at the
sampling sites could facilitate the review of
incoming cases to see that all relevant ones are
included. Other very significant benefits could be
achieved as well. Arrangements might be made with
the State and local personnel for the acquisition
of the bklood specimens shortly after death, which
would aid drug detection and enhance comparability
of results across sites. Uniformity of specimen
acquisition and shipping procedures would also be
facilitated. Finally, more relevant details on the
crash occurrence might be obtained, as a valuable
supplement to the sometimes sparse police accident
reports.

{2) Use more efficient e desj . * This study

found nonalcoholic drugs in only 18 percent of the
drivers, meaning that well over $300,000 in
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acquisition, shipping, and assay costs was spent
for blood specimens containing none of the drugs.
A more cost-beneficial approcach might be targeted
at samples where drugs are most pronounced, such as
younger males. To study medicinal drugs, an older
~--perhaps elderly-- population is more appropriate.

It should be recognized that sampling from a
restricted population . of drivers limits
generalizations to that population. That may not
be a handicap if the population is one of special
interest, such as the young or elderly drivers.

If the cbjective is not to study causation but to
monitor national drug prevalence rates, a different
sample design is necessary. In that case, random
or stratified samples would be cost-effective.

(3) Cconcentrate on fewer drugs. This and other

studies have found that there are relatively few
drugs which have prevalences large enough to
present a highway safety problen. These were
mainly drugs of abuse. Assay costs -could be
greatly reduced by concentrating on these few
prominent drugs.

While improvements in methods may be possible, we may question
whether a fatal study is the best way to study the role of drugs in
crashes. In addition to the operational and statistical
difficulties we encountered, we have also seen problems introduced
by postmortem blood specimens. Toxicologists Anderson and Prouty
gave the following warning: .

" Caution must also be exercised in interpreting
analytical results as they relate to the physiological
effects of drugs on drivers in motor-vehicle-related
deaths. Predicting the effects of drugs on driving
skills is a nebulous exercise in the living subject:
difficulties are compounded when attempts to make such
predictions are based on postmortem measurements
(Anderscn and Prouty, 1988, p.99).

Some of the problems of postmortem spaciméns would be avoided
by studying injured but surviving drivers. There are advantages to
that Xind of study, which are discussed next. -

7.2.2 1Injured Driver Studies

For the objective of determining whether drugs play a causal
role in "crashes, using hospitals and trauma centers to .study
injured but surviving drivers offers several advantages. Briefly,
_ these are as follows: -
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(1) Broader accident sample. Injury accidents cover a
broader portion of the accident spectrum than do

fatal crashes, thus they may provide more broadly
relevant results.

{2) onortunitQ to study more subtle effects. By
necessity, a fatal sample will be heavily weighted

in favor of the extreme blbehaviors that produce
high-severity crashes~- speeding, falling asleep,
etc. Single-vehicle crashes are (fregquently
involved. Nonfatal crashes are more likely to
involve multi-vehicle collisions and high-demand
situations (traffic, intersections, etc.}. Even
slight driver impairments produced by drugs may be
‘critical in those situations.

{3) Bet specimen gqualjty. Severe thorax trauma is
~ common in fatal crashes, which can result in heart
blood contamination and cause misleading assay
results. Specimens taken from injured drivers are
more likely to be of good quality. In additien,
they will not have the problems of postmortem drug
redistribution.

(4) Lower overa}ll responsibility rate. Fatal crashes,

which are dominated by single-vehicle crashes and
behavioral extremes, tend to have high
responsibility rates, even among drugfree drivers.
This limits the degree to which drugs can elevate
responsibility rates, especially when comparing
drug-alcoheol combinatiens with alcohol alone.
Nonfatal injury crashes tend to involve more multi-
vehicle crashes and lower overall responsibkbility
" rates, providing a greater opportunity for
significant impairment effects to be detected.

On the debit side, there are two main limitations to sampling
injured drivers. The first is that relatively few hospitals and
trauma centers are likely to be used in the study; the
unwillingness of some, and the cumbersomeness of logistics are
deterrents to using several. Consecuently, this lack ¢f broad
geographical representation makes this approach less amenable to
estimating prevalence rates. That is why we emphasize its value
for determining causation rather than prevalence rates. The second
limitation is the difficulty of obtaining an unbiased sample of
drivers. When the patient's permission is needed to draw a blood
specimen, the refusal rate can be substantial (Terhune, 1982).
This limitation is best aveided by using hospitals that routinely
obtain blood specimens on all injured drivers.
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7.2.3 The Vanderbilt Approach

Chapter 1 cited a study of the crash risks associated with
prescription drugs in the elderly, by Ray and colleagues at
Vanderbilt University (Ray et al., in press). By making use of
prescription records and accident records, the researchers were
able to achieve a sample size of over 16,000 drivers, including
data on drivers not in accidents as well as in accidents. This
provided a high statistical sensitivity capable of detecting the
relative risks of prescription drugs. It also permitted the study
‘of effects of dosage level. While this approach is generally not
applicable to drugs of abuse, for prescription drugs it is a much
more effective (and cheaper) method than studies requiring the.
collecting and assaying of bleood specimens. A possible limitation
of the method is the regquired inference that elevated crash risks
of drugs were due to the drugs and not the problem that led to
their use. However, the researchers' contrels for dosage level and
likelihood of drug use offset this limitation somewhat.
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8.0 RECOMMENDATIONS

It is recommended that the National Highway Traffic Safety
Administration consider the following for implementation.

{1) ther research o ohol- effe . Provocative
but inconclusive evidence was provided in this study on the effects
of drugs combined with alcohol. The data suggested that combining
some drugs with subintoxication levels of alcohol could increase
relative crash risks to the range of alcchol intoxication.
Unfortunately, it was necessary to combine data involving different
drugs, and the contribution ¢of any one was not discerned. This

lead should be followed up in other studies, which may include . .

crash studies and experimental research. The results may provide
an important basis for educational and other preventive programs
conducted by NHTSA.

(2) Research jisolating drug effects from personality and
behavioral patterns. Evidence of this study and previous ones

suggests that abuse drugs may be used by people whose life style
involves high-risk behaviors. A better understanding of the
effects of drugs may be achieved if the contribution of life style
can be distinguished from the impairment effects of drugs. This is
a difficult challenge for research methodology, but it may be
amenable to creative solutions. For example, benefits might be
gained by studying drug-impaired drivers identified within NHTSA’s
police drug detection training program. They could be compared
with a control group on relevant dimensions, such as their traffic
record, criminal record, social deviance, risk-taking behaviors,
and so on. _
(3) Monitor selected drugs through FARS. Interesting
regional variations in crash drug involvement were indicated by
this study, which included approximately 8 percent of drivers
killed nationwide and meeting our sampling criteria during the
study period. Developing a more complete picture is desirable.
Since trends in drug use are clearly evident in surveys of the
National Institute on Drug Abuse, monitoring crash drug prevalence
over time is suggested. Since the FARS system already does this
with alcohol, expanding the data collection to other drugs is
appropriate. Since blood assays are so expensive, it is
recommended that only a fractional systematic sample be used,
concentrating on a few drugs of greater importance. Cannabis,
cocaine, amphetamines, benzodiazepines, and barbiturates should be
considered. Careful control of specimen collection methods should
be achieved, which suggests the use of relatively few test sites.

(4) Automating responsibjlity analvsis. Responsibility

analysis was made more objective in this study by specifying coding
guidelines for assigning responsibility in specific collision
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types. The guidelines are generally based on vehicle actions and
collision configurations. There is a good possibility that a
computer program could be written to estimate driver responsibility
from key indicators that could be readily coded from accident
reports. It is recommended that NHTSA consider developing such a
method, which could provide 'a valuable research and monitoring
tool.

(5) Injured driver study. For reasons discussed in the
previous chapter, it is recommended that NHTSA consider an injured
driver study to further our understanding of the causal
contribution of drugs to crashes.
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9.0 THE RESEARCHERS

Kenneth - W. Terhune of Calspan‘'s Accident Research Group was

Principal Investigator for the project. Dr. Terhune holds a
Ph.D. in Psychology and degrees in automotive and mechanical
engineering. He has nearly forty years experience in
behavioral science and highway safety research. Hisg research
included the topics of crash causation, vehicle rollover,
vehicle crashworthiness and aggressivity, accident surrogates,
and injury countermeasures. He previously directed a major
study of drugs in injured drivers, and he is an authority on
responsibility analysis and the epidemiclogical study of drugs
in drivers.

Carol A. Ippolito of Calspan's Accident Research Group was Research

Associate for the project. She served as Operations Manager
during the data collection phase, when she was the primary
contact with all field sites. Ms. Ippolito holds an M.A.
degree in psychology and has four publications, including co-
authorship ©of the responsibility analysis manual for this
study. '

Donald L. Hendricks of Calspan's Accident Research Group was Data

Johﬂ

Collection Manager for the project. He was the primary
coordinator of subcontractors during data collection. Mr.
Hendricks holds a B.A. in Business Administration, and he has
over thirty years experience in highway safety. He supervises
the field activities of all in-depth accident investigations
for the Accident Research Group. _

G. Michalovic was director of Calspan's analyticail
chemistry laboratory at the time of the study. (He presently

. is Manager, Safety and Environment.) He was instrumental in

evaluating candidate assay laboratories for the project, and
he designed the quality check procedures. He holds an M.S. in
Chemistry and he has over thirty publications.

Stuart C. Bogema, Ph.D. managed project operations for American

Medical Laboratories, which performed the drug assays. Dr.
Bogema is Vice President, Research and Development, and
Director, Toxicology and Therapeutic Drug Monitoring at
American Medical Laboratories. Dr. Bogema's Ph.D. is in
pathology, and he is a legally qualified expert in forensic
and chemical toxicology. He has nearly thirty ‘published
articles and abstracts.

Philip Santinga of American Medical lLaboratories was analytical

director of the specimen assays for the project. He holds a
Master's degree in medical technology, a B.A. in chemistry,
and has been trained in forensic toxicology. Mr. Santinga has
nearly twenty-five years experience in toxicology.
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Richard D. Blomberg is President of Dunlap and Associates, Inc. of
Norwalk, Connecticut. Through a subcontract, Dunlap was
responsible for planning all field arrangements tc provide the
needed sample and source documents for the study. Mr.
Blombery had managerial responsibility for the Dunlap
subcontract. He holds an M.S. .degree in industrial and
management engineering. He has conducted numerous studies in
highway safety including a study of drug abuse and driving
performance.

David F. Preusser, Ph.D. was at Dunlap and Associates, Inc. during
its participation in the project. (He is now at PRG, Inc.)
He was responsible for technical wmanagement of the Dunlap.
subcontract. He has a Ph.D. in psychology and he has over
fifty publications, mostly in highway safety. He has analyzed
drug abuse in relation to driving performance, and he directed
a study-on drug involvement of heavy truck drivers.
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Appendix A
The Drug Belection Procedure

We sought to identify the drugs potentially the most important
to crash causaticn in forming the list of drugs for examination in
the present study. We began with a list of 55 "Drugs of Interest"
provided by the COTR, who designated 29 of them as being of “most
interest." Since costs to assay all the drugs on the list would
have been prohibitive and well exceed estimates in the initial
budget, we sought to eliminate drugs of minimal importance, add
others if warranted, and establish an order of importance for the
drugs on the list. For the purposes of selection, importance was
defined as a function of estimated incidence (frequency of use) and
impairment effects. Impairment effects were estimated <through
ratings of the 1980 NHTSA workshop's panel of experts {see Joscelyn
and Donelson, 1980). Estimated incidence was determined through a
literature review of recent studies, from drug sales data, and
other reports of drug usage. Incidence was emphasized for the
following reascns:

{a) Incidence in crash studies will reflect both incidence of
use and 1mpalrment effects.

{b) Incidence is more objectively determined.

{c) All the drugs on the COTR's list are likely to be
impairing under certain dosages.

A.l The Final Drug List

The final drug list for study (44 drugs and 11 metabolites) in
this project is shown in Table A-1. Of the COTR's original list of
55 drugs, our list includes 35 of those, among which are all those
designated of greatest interest by the COTR. The table shows the
ranges of prevalence rates found in previous studies of drivers and
the number of experts mentioning the drug as important to our
study.

It is important to point out that our recommended drug list
was governed in part by the objective of keeping the assay costs
within the level designated in the contract budget. The COTR's
initial list of suggested drugs would have far exceeded that level,
hence we proceeded to reduce the list by elinminating drugs of less
indicated importance. After an initial list was decided upon (our
Ycore" list of drugs we determined to be of most interest and
importance}, we found that our laboratory of choice, American
Medical Laboratories, was able to include some other drugs at no
extra cost.

A.2 The Belection Process
The selection of the drugs of interest began with the COTR's

proposed list, which was amended after reviewing other sources of
information. The first avenue explored was the literature review of
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_ . Table A-1
Study Drug List

(Drugs are listed in order of estimated incidence/importance)

Group#* Substance Incidence No.Experts
in Studies Mentioning

Xt Alcohol (ethanol) . 25=7%% 13
May Delta-% THC 7-45% 12
exceed . Carboxy-THC 7-45% 12
8% {THC metabolite) '

II: Benzodiazepines . 4-8% 8
4-8% Diazepam
expected Nordiazepam
{diazepam metabolite)
Lorazepam
Flurazepan
Desethylflurazepam
{flurazepam metabolite)
- ' Alprazolam
Oxazepam
Chlordiazepoxide

III: Cocaine . 1-12% 13
2~4% Benzoylecgonine
expected (cocaine metabolite)
Phencyclidine 1-56% 3
Barbiturates 0-3% 6
Phenobarbital
Secobarbital
Butabarbital
Butalbital
Pentobarbital
Amobarbital
Non-heroin opiates 1-20% 6
Codeine
Morphine _ .
Amphetamines ' 0-3% - 7
Amphetamine
Methamphetamine
Caffeine

Iv: Heroin Neot reported : 8
Less Non-barbituate 0~-6% 1
than 2% sedatives
expected Ethchlorvynol

Methaqualone

Meprcbamate



Study Drug List (Continued)

Group* Substance Incidence No. Experts
in Studies Mentioning

BAE Antihistamines - 1% 3
(cont.) Diphenhydramine '
hydrochloride
Chlorpheniramine
8D .5% 4
Antidepressants .5% 3
Anitriptyline
- Nortriptylinew+
{(amitriptyline metabolite}
Imipramine®=
Desipramine+
(imipramine metabolite)
Fluoxetine®#*
Rorfluoxetinex«
{fluoxetine metabolite)
Doxepin%+
Desmethyldoxepin
(doxepin metabolite)
Analgesics 0.5-1% 0
Meperidine -
hydrochlorine
Methadone
Propoxyphene
Norpropoxyphene
(propoxyphene metabolite)
Oxycodone
Antipsychotics 0~1% 0
Chlorpromazine** ;
Thioridazine*=*
Mesoridazines«*
Antiarrhythmics 0-1% 0
Quinidine*#
Procainamidew*
N-Acetylprocainamide
(procainamide metabolite)
Lidocaine*»
Flecainide#*»*
Muscle relaxant Y 0-1% 0
Cyclobenzaprine#*

*Groups are based on expected incidence rate for the drug or drug-
groups; e.g., benzodiazepines as a group are expected to be in
the 4-8% range, hence all benzodiazepines are listed in Group II.

**These drugs were included because the recommended assay
laboratory included them at no extra cost.



recent ‘(past 5-7 vears) studies invelving drug/alcohol use and
highway accidents. The studies reviewed are listed in Table A-2.
This review provided expected incidence rates for most of the drugs
on the COTR's list and this information served as a starting point
for prioritizing the drug list. Next, experts in the field were
contacted by phone tc ensure that the drug list proposed was the
most "up-to-date." This group of experts consisted of scientists
conducting research in the field, directors of drug abuse centers
(or their associates), law enforcement officials, and toxicologists
from the States targeted for data ccllection. These experts gave
their recommendations for drugs to be included and estimates of
their incidence rates based on their own research findings and/or
contact with these substances. The experts contacted are listed in
Table A-3. .

Also examined was the 1987 report from the Drug Abuse Warning
Network (DAWN)} provided by the National Institute of Drug Abuse.
This report consists of statistics on types of drugs found in
emergency room episocdes and their prevalence rates. The report
revealed that 90% of the total emergency room episodes involving
drugs listed the following 6 substances: cocaine (32%), alcohol in
combination with another drug (28%), heroin/morphine (13%),
marijuana/hashish (7%), PCP/PCP combinations (6%), and diazepam
{5%). This information was also used in the development of the
final list of drugs cf interest.

A.3 Rationale for Choosing the Final '""Drugs of Interest®

In developing the final list of drugs of interest, most weight
was given to the prevalence rates reported in the reviewed studies.
Other sources, such as the consensus of experts in the field, were
alsc taken into consideration.

. Eight drugs in Table A-1 were frequently mentioned by experts
in the field as drugs used most often and potentially dangerous to
driving ability. These were alcohol, marijuana, cocaine, diazepanm,
PCP, heroin, morphine, and barbiturates. All of these substances
were on the list suggested by the COTR for inclusion in the present
study.

Excluded from Table A-1 are volatile solvents and appetite
suppressants. These substances were excluded from the list mainly
because of low incidence rates. The incidence rate of volatile
solvents is extremely low and their presence in the blood can be
detected within only a short time of their ingestion. The effects
of caffeine and appetite suppressants were given the lowest
possible rating by the 1980 NHTSA workshop's panel of experts
{Joscelyn and Donelson, 1980). _

Other drugs which were on the COTR's list, such as mescaline,
MDA, and some antidepressants were eliminated after assay cost
estimates, prevalence rates, and expert cpinions were considered.



Table A-2

Studies Used in Literature Review to Obtain Incidence Rates

Cimbura, G., Lucas, D. M., Bennett, R. C., Warren, R. A., &
Simpson, H. M. (1982). 1Incidence and toxicological aspects
of drugs detected in 484 fatally iniured drivers and pedestrians

in ontario. Jourmal of Forensic Sciences, 27(4), 855-B67.

Compten, R. P. (1986). Field evaluation of the Los Angeles Police
Department Drug Detection Program. NHTSA Technical Report No.
DCT HS, BO7 0l12.

Donelson, A. C., Haas, G. C., & Walsh, P. J. (1986). The etiology
of fatal traffic accidents involving alcochol and cannabis.
Report from the Traffic Injury Research Foundation of Canada,
171 Nepean Street, Ottawa, Ontario, Canada, K2P OB4.

Mason, A. P., & McBay, A. J. (1984). Ethanol, marijuana, and other
drug use in 600 drivers killed in single-vehicle -crashes in

North Carolina, 1978-15981. Journal of Forensic Sciences, 29(4),
987-1026. .

Nakabhavashi, X., Aronson, S. €., Siegal, M., Sturner, W. Q., &
Aronson, S. M. (1984). Traffic fatalities in Rhode Island:
Part II. The timing of accidents and the rcle of marital
status, alcchol, and psychoactive drugs. Rhode Island Medical

Journal, 67, 171-178.

Soderstrom, ¢. A., Trifiliis, A. L., Shankar, B. §., Clark, wW. E.,
& Cowley, R. A. (1988). Marijuana and alcohol use among 1023

trauma patients: A prospective study. Archives of Surgery,
123, 733-737.

Terhune, K. W. (1982). The role of alcochol, marijuana, and other
drugs in the accidents of injured drivers. Calspan Field
Services, Inc., Buffalo, New York, Perf. for the U.S. Dept. of
Transportation, Contract No. DOT-HS-5-0117%.

williams, A. F., Peat, M. A., Crouch, D. J., Wells, J. A., &
Finkle, B. 5. (1985). Drugs in fatally injured young male

drivers. Public Health Reports, 100(3), 19-25.



Table A-3

List of Experts COntaotod

Mr. Paul Cascaranoc

Asst. Director of the National Institute of Justice
Director of the Drug Use Forecasting Project
Washington, D.C. .

Dr. Alan Donelson
Traffic Injury Research Foundation
Ottawa, Canada

Mr. Christopher Hanson
Asst. Director of the Bureau of Alcoholism and Substance Abuse
State of Washington

Dr. Arthur McBay
Chief Toxicologist
State of North Carclina

Mr. Dennis McCarty

Head of Statistics

Division of Drug Rehabilitation
State of Massachusetts

Dr. Herbert Moscowitz
Director of Southern Califcornia Research Institute

Dr. Alfonse Polklis
Director, Dept. of Pathology
MCV Station

Riohmbnd, Virginia

Mr. David Polley
New York State Regional Coordlnator for Drug Abuse Services

Mr. Michael Quirke
Head of Statistics
Office of Alcohol and Other Drug Abuse
State of Wisconsin

Dr., Vidmantas Raisvys
Head of Toxicology
State of Washington

Mr. Edward Reese ‘
Coordinator of the New York State Division cf
substance Abuse Services

Mr. Richard swartz
Asst. Director of the Dept. of Alcchol and Drug Abuse

State of California



Sgt. Richard ward
DUI Dpivision
California Highway Patrol

-

<



A.4 SBummary

Our objective in developing a."Drugs of Interest" list was to
recommend the most important drugs with regard to highway safety
that could be assayed within the contract budget. In so doing, the
COTR's suggested list of 55 drugs was reduced by considering assay
costs in relation to indicated importance of each drug.! Importance
was determined through evaluation of several sources of
information: a literature review conducted on related studies
completed in the last seven years, phone conversations with experts
in the field, NHTSA's 1980 workshop report on identification of
drugs of interest in highway safety, and the Pharmacy Times list of

the top 30 prescription drugs for 1987. The final drug 1list.

contained. 44 parent drugs and 1l metabolites. :

References

Joscelyn, K. B., & Donelson, A. C. (1980). Drug research
ethodolo Volume IX: The identificat of drugs of interes

in highway safety. NHTSA Technical Report No. DOT HS~7-01530.
Top 20 Generic Drugs - 1987. pPharmacy Times, April, 1988.

It is important to note that the COTR's original recommended
list of 55 drugs was not the same as the final list of 55 drugs.
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- Appendix B
Descriptions of the Drugs Studied

The objective of this appendix is to provide the interested

- reader with information on the nature of the drugs examined in the

study, particularly with regard tec the behavioral effects that

suggested them as a potential highway safety problem. This is not

intended as a technical discussion of psychodynamics or psycho-
kinetics.

The drugs are discussed below within the classifications used
in this report. The primary references used in compiling this
information were: ispesitio oxX3i s and Chemicals j an,
by R.C. Baselt and R.H. Cravey; NHTSA Report No. DOT-HS-805-461 -

Drugs and Highway Safety, 1980, by K. B. Joscelyn et al.; and The
Pill Book, by G.I. Simon and H.M. Silverman.

B.1 Alcohol

Alcohol (ethanel} is considered primarily a recreational or
*social" drug, one rarely used therapeutically. Aleohol is quickly
and evenly absorbed throughout the body. It is a central nervous
system depressant, i.e. it depresses the activity of all excitable
tissues, which results in changes that range from a slight lethargy
or sleepiness, to anesthesia, to death from breathing and heart
depression (Schuckit, 1989). Alcohol impairs several functions
related to driving: motor cocordination, attention and alertness,
visual acuity, mood (disinhibition), judgment, reaction time, and
decision-making (Jones and Joscelyn, 1978). However, the degree of
impairment or specific effects on the user are dependent upon the
amount of alcohol consunmed and on age, seX, weight, and the user’'s
history of alcohol use. Further, when combined with other drugs, a
lack of sleep, or a lack of food in the stomach, the impairment
effects of alcohol may be enhanced.

Tests to detect alcochol are among the simplest and least
expensive and are quite accurate. Bloeod alcohol ceoncentrations
(BAC) can most reliably be obtained through klood or breath (using
the "Breathalyzer" test), and can be estimated from urine or
vitreous humor specimens. ‘ -

B.2 Cannabis

Cannabis is derived from the Cannibis sativa plant, and it may
be the most widely-used recreational drug after alcohol. It has
been used for thousands of years in various countries {and
cultures) around the world. Cannabis is generally smoked, although
it is sometimes ingested orally. The cannabis user may experience
euphoria, increased hunger, parancia, inability to keep track of
time, sleepiness, and short-term memory loss. At high doses,
hallucinations, confusion, panic, and disorientation may occur.

Experimentally, cannabis has been found to effect performance
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decrements on tracking, sensory and perceptual functions, motor
cocordination, and reaction time (National Academy of Science,
1982). Some common street slang that refers to marijuana includes
pot, grass, ganja, weed, and mary jane.

Delta-9 tetrahvdrocannabinol. Delta=-9 tetrahydrocannabinol

{THC) is the most active substance found in the marijuana plant
(Cannabis sativa). The presence of this substance in a blood
specimen indicates recent ingestion of cannabis. It is believed
that delta-9 tetrahydrocannabinol is the ingredient in cannabis
that produces all of the effects experienced by the individual and
is the psychoactive ingredient that produces the "high".

Carboxy-THC. Carboxy-THC is an inactive metabolite of delta-9%
tetra-hydrocannabinol. Found by itself, carboxy-THC does not
indicate recent use, or a "“high," but it is thought to accumulate
in some fatty tissue in regular users (Jaffe, 1985, as cited in
Schuckit, 1989).

B.3 Hallucinogens

Hallucinogens are chemical combinations which distort <the
user's perceptions of reality, causing him/her to visually and/or
auditorially experience sensations, sights, or delusions that
deviate from "objective" reality. They can be ingested in several
different ways, including orally, intranasally, intravenously, or
smoking, and they operate by stimulating the central nervous
system. Hallucinogens are considered "recreational" drugs and are
created from natural and/or synthetic compounds. For the most part,
hallucinogens are illegal and are among the drugs of abuse.

Phencyclidine. Phencyclidine (PCP) can be used (in its
legitimate form) as an animal tranquilizer: however, it is also
used as a street drug, ingested by humans. PCP can cause
disorientation and loss of coordination, as well as full~blown
hallucinations. It is the distortion of cbjective reality that
‘makes a driver under the influence of PCP potentially very
dangercus. Since the driver may see things that aren't really
there, his or her actions may be inappropriate and increase the
likelihood of causing an accident. Another name by which PCP is
commonly known on the street is "angel dust."

Lysergic acj jethyl . Lysergic acid diethylamide (LSD)
is a synthethic compound manufactured and taken only for its mind~-
altering propertles As with other types of hallucinogens, the user
can experience visual, auditory, and thought distorticns, all of
which have the potential to cause a person driving a vehicle to
take inappropriate or dangerous actions. 1SD is also known as
"acid."



B.4 Benzodiazepine Tranquilizers

Benzodiazepines are often classified as "miner" tranguilizers
prescribed by doctors for the relief of anxiety and tension.
Benzodiazepines depress the central nervous system and work by
relaxing the large skeletal muscles. Although generally considered
safe (without harmful side effects) by the medical community, these
drugs have the potential for abuse, and wmay impair driving
performance by decreasing motor coordination, reaction time,
alertness, and decision-making ability (Joscelyn et al., 1980).
This impairment effect may be enhanced when the drug is combined
with alcohol (Scharf, 1988, as cited in Schuckit, 1982). Most of
the drugs listed below that belong to this class are chemically
similar and exert similar effects. Important differences are noted. .

Diazepan. Diazepam is commonly known by its trade name -
‘Valium{R), at one time the most often prescribed drug of the
benzodiazepine group. In recent years, the number of prescriptions
for Valium{R) have declined, partly due to the allegation that many
doctors were overprescribing the drug.

Nordiazepan. Nordiazepam is the metabolite of diazepam,
usually found in the blood with diazepanm.

Lorazepam. Lorazepam is a minor tranquilizer commomly known
by the trade name Ativan(R). It is prescribed for relief of
anxiety, tension, or agitation.

Flurazepam. Flurazepam is a minor tranquilizer often
prescribed for insomnia or sleeplessness. Its brand name is
Dalmane(R). .

esethylflurazepam. Desethylflurazepam is the metabolite of
flurazepan.

Alprazolam. In low doses (0.75-4 mng.), alprazolam is
effective as an anti-anxiety agent. When prescribed at higher doses
(6=-9 mg.}, the drug is effective in treating phobic disorders and
panic attacks {(Baselt and Cravey, 1989). The common trade name for
alprazolam is Xanax(R).

_ Oxazepam. Oxazepam is an anti-anxiety agent, somewhat less
potent than diazepam. Its common trade name is Serax(R).

Chlordiazepoxide. . Chlordiazepoxide 1is commonly known as
Librium(R), prescribed as an antianxiety agent, an anticonvulsant,
a muscle relaxant, or a hypnetic. It is considered the “prototype®
of the benzodiazepine class, being the earliest to have been
approved for human use (Baselt and Cravey, 1389).

Desmethvlichlordiazepoxide. Desmethylchlordiazepoxide is the
metabolite of chlordiazepoxide. : :



Appendix C
Statistical Power Analysis

NHTSA's original solicitation for this project specified a
tentative sample size of 2,550 drivers. To determine whether this
or a different sample size was appropriate for the objectives of
the study, we applied statistical power analysis (Cohen, 1969) to
the central analysis planned, respnn51bllity analy51s. A basic
question addressed was: What sample size is needed in order to
determine whether the responsibility rates (percentages) of
drug-involved drivers are significantly different from the rates of
the "drugfree" drivers? To perform the power analysis, it was
necessary to know or assume the following:

o The statistical test to be used. In our case, this
was the Chi-scguare test.

o e _expected d free propo on of drivers. Pre~
vious studies of fatally-injured drivers 1nd1cated
this to be about 35%.

o e expected responsibility rate of the drugfree
drivers. The previous studies suggested this would
be around 68%.

e How small a drug effect is jmportant to detect? It

seenmed reasonable to require that the analyses be
able to detect a drug-associated responsibility

rate at least 10% higher than the drugfree rate.

Consequently, we considered an elevation of that

magnitude "an important effect."

el ow _much statistical] power js desired? Power is the
probability that a test will detect a genuine differ-
ence between two groups; the more powerful a test,
the more likely one is to find small differences to
be statistically significant. While a power level
of 0.80 is desirable (Cohen, 1969), we decided
that a level of 0.60 was acceptable.

o e ecte vale a or the specific 4 o
ru o of interest, w esent by itself. To

indicate a drug's contribution to crashes, we have
tc examine its responsibility rate in drivers who
have only that drug in their systems. Evidence from
other studies of fatally injured drivers indicated
that drugs of abuse are most often found combined
with alcohol. For example, Donelson et al. (198€)
found THC present in 11% of driver fatalities, but
the THC was by itself in less than 1%. Considering
the prevalence rates found in previous studies, it was
our judgment that the highest (most optimistic)
prevalence rates for drugs present alone would be 3%

C-1



-

for‘canhabis, cocaine, andqphencyciidine respectively,
and 5% for the benzodiazepine group.

calculations were extensive; what follows here is a summary of
the results from those calgulations.

It was found that for a power of 0.80, a sample size of over
3,400 drivers would be needed to detect "an important effect"™ of a
drug having a 5% incidence rate by itself, and over 5,700 drivers
would be needed for a rate of 3%. For a power of 0.60, the figures
changed to 2,150 and 3,500. It appeared that the sample size of
2550 targeted in NHTSA's solicitation for proposals had minimal
statistical power, and could produce inconclusive statistical
results. Even a sample size of 3,500 appeared to offer adequate
gtatistical power only for a drug with a 5% prevalence rate by

tself. :

Since the most prevalent drugs of interest were expected to be
found with alcohol much more than they are found alone, we
performed power analysis to answer a second basic guestion: What
sample size is needed to determine whether an alcchol=-drug
combination has a significantly higher responsibility rate than
alcohol by itself? On the basis of the research literature, we
estimated that about 40% of the drivers will have only alcohel in
their systems, while 6-10% would have alcochol combined with
cannabis, cocaine, or PCP, and 3-4% would combine benzodiazepines
with alcohol. But since alcohol alone was expected to have a
responsibility rate around 88%, it seemed unlikely that the
alcohol=-drug combination would raise responsibility much meore than
5%, to 93%. Detecting an effect of this magnitude is possible with
a sample size of 2550 and drug-alcohol combinations with 8-10%
prevalence rates, according to'our calculations. A sample of 3500
drivers appeared necessary for drug-alcohol combinations with a 6%
prevalence rate. It seemed, then, that the 2550-driver sample had
more power to detect the effects of drug-alcohecl combinations than
of drugs (or drug groups) present by themselves.

A further important consideration regarding sample size was
the size of the confidence intervals in projecting drug prevalence
rates in the population of driver fatalities. Table C~1 suggested
that we would be able tc estimate the population rates to within
1%, based on a 2550-driver sample, or within 1-4%, for driver
subgroups as small as 10% of the total sample.!' (This is relevant,
for example, to our provision of prevalence rates for individual
States.) While it must be recognized that our sample was not to be
a true probability sample, it did appear that the 2550-driver
sample size was more than adequate for approximating prevalence
rates.

‘The calculations are based on the assumption that the sagple
of 2550 drivers would be taken from an infinitely iarge population.
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- Table C=~1

Drug Prevalence Rate Confidence Intervals¥*
Using a 2550-Driver Sample Size

A. Estimating Population Incidence from Complete Sample

Incidence
Rate c dence Interva
15% . + or - 1%
10% + or - 1%
5% + or - 1%
2% + or - 0.5%
1% + or - 0.2%

B. Estimating Population Subgroup Incidence Rates from a
Subsanple of 255 Drivers (10% of Sample)

Incidence
- Rate ’ 95% Confidence Interval
15% + Oor = 4%
10% + Oor - 4%
5% + or - 3%
2% +-or - 2%
1% + or - 1%

*These confidence intervals assumed an infinitely large
population. : '



A final consideration regarding sample size was that ocur power
considerations did not assume subdivision of the sample in any way,
as appropriate in attempts to control for driver age and gender,
urban vs. rural crashes, time interval between c¢crash and driver's
death, etc. Since each subdivision would further reduce

statistical power, subdividing did not appear feasible.

In summary, our conclusions on sample size were as follows:

(1) Because a driver-fatality sample was expected to have
very low prevalence rates of drugs present by then-
selves, the RFP target of 2550 drivers had minimal
ability to reveal impairment effects of individual
drugs or drug groups, when using responsibility
analysis. Even a 3500-driver sample appeared capable
of detecting drug effects only under best-scenario
conditions.

(2) 1If our assumptions were valid, a 2550-driver sample
would have a somewhat greater poseibility of detecting
impairment effects of alcohol-drug combinations than
of drugs present by themselves,

(3) A sample of 2550 drivers appeafed to have more than
ample capability for estimating incidence rates with
small confidence intervals, i.e., + or - 1l%.

Thus, the 2550-driver sample would have served well the
cbjective of estimating drug incidence rates, but many results
still would have been inconclusive regarding drug impairment
effects.  Certainly a larger sample would have had ¢greater
statistical power, but even raising the sample to 3500 drivers
could &easily have shown inconclusive results with the
responsibility analyses. Considering the greatly added expense and
logistic difficulties of a substantially larger sample size, we
recommended staying with the 2550-driver sample target.
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Appendix D

Data Collecticon Procedures

Figure D.l1 illustrates how each case began with a driver
fatality and was completed when its data forms were in final
storage. The steps in case creation were generally as follows.

(1)

(2)

(3)

(4)

Driver dies. A fatal crash results in the initiation of

a police accident report (PAR) and, upon the driver's
death, the cadaver is examined by a cocroner or a medical
examiner. The body may be transported to an autopsy
center.

Site jnjitiates case. The fatality enters our study when
the site determines that, as far as is known, the driver
is eligible for our study. With that tentative
determination, a blood specimen is drawn in accordance
with the written project protocol. Heart bloecd is taken,
unless due to trauma none is available, or it appears to
be contaminated, e.g., by stomach contents. In these
case, the specimen is taken from the best available
source. The bleocod is placed a into project-supplied tube
containing sodium fluoride as a preservative. The site
promptly completes a Case Initiation Form (a project
document), and faxes or mails it to Calspan, where the
case is logged into the Case Monitoring Database {CMDB).

Site sends specime ssa . The tube is
immediately shipped, or if a large-volume site, tubes are
stored up to 6 days at 4° C, then shipped in batches.
(Depending on the site organization, shipment is either
directly to American Medical Laboratories or through a
central coordlnatzng office for the site.) Shipments are
sent by air express, for delivery within 24 hours. Site
faxes or mails airbill to Calspan. '

Note: The specimens were shipped in special protective
boxes supplied by the project. No cooling packs were
included, when discussion with our toxicological
consultants determined that they were not esaential.

Lab _assays o Daily, the American Medical
Laboratories - teletype tc Calspan a report of all
specimens received. The lab stores each specimen at 4°
C, and within 24 hours of receipt, screening for drugs
begins. Positive results are followed by confirmation
tests and quantitation assays. (Most are completed
within two to four weeks of specimen receipt.) The assay
results are teletyped to Calspan.
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(5) Calspan checks ass eport. In additien to checking the
assay report for possible aberrations rare), Calspan
checks for the  detection of these possibly
therapeutically administered drugs: '

diazepam, cocaine, meperidine hydrochloride, codeine,
morphine, and lidocaine. If found, Calspan contacts the
site to determine whether the drug was administered to
the driver prior to death. 1If so, this is encoded on the
assay report.

(6) Site sends corcner/ME report to Calspan. When the

coroner's or medical examiner's report is completed, the .
site faxes or mails it to Calspan. This is typically
about two months after the crash, but it may take up to
six months. )

(7) State FARS office gsends PAR and FARS report to Calspan.
From identifying information provided by Calspan, the
State FARS office locates the PAR and the FARS report on -
the case. Copies of both reports are sent to Calspan.
Depending on the State, these reports arrive an average
of 3 to 4 1/2 months after the crash, and some cases take
up to 6 months.

At this point, Calspan has_ail the field documents for
the case. In all subsequent steps, the case is processed
at Calspan. .

(8} Einal case eljgibllity check jis made. - Referring to the
field documents, the case's eligibility is checked on
each of the sampling criteria. The cause of death and
time .0of death is obtained from the coroner/ME report.
Confirmation that the victim was a driver and that the
vehicle type was eligible comes primarily from the FARS
report. The time of the crash, of the victim's death,
and the drawing of the blocd specimen are used to compute
the crash-death and death-specimen lag times, which
pertain teo two other criteria. Cases found ineligible at
this peint are removed from the system and filed
separately. :

As noted in steps 5 and 6 above, coroner/ME reports,
police reports, and FARS reports typically arrived at
Calspan months after the crashes to which they pertained.
Necessarily, determination of case eligibility was
delayed accordingly.

{9) The data are encoded. Information on the field documents
is encoded into the study variables and recorded on code
sheets. While much of this is straightforward, coding of
driver responsibility and collision type reguire trained
coders. _
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(10) The data are entered int® an automated database. The
data are keypunched and verified. Internal consistency
checks are made, and any errors are corrected. The cases
is identified by case number, with no identifying
information entered into the database.

(11) spa lements jident ection. In this process,
the hardcopy documents on the case are divided into two
groups. In the first are all source docunents

(coroner/ME reports, PAR, etc.), from which the case
identification numbers are obliterated. These are to be
destroyed. In the second are all code sheets, which
contain no names or other identifying information.
Identity protection is now complete.

Upon the completion of these eleven steps for all cases, the
data cocllection task ended.



Appendix B
Drug Assay Methodolegy
by P. Santinga and A. Constantino
American Medical laboratories, Inc.

E.1l Bpecinens

Approximately 20 mlL of whole blood preserved with 0.1% sodium fluoride
was submitted in glass screw top tubes from the Medical Examiner's
Offices participating in this study. A minimum of 6 mL was required for
complete identification of the drugs present with additional volumes
necessary for quantztatlon.

E.2 Testing Protocol

Specimens submitted were screened for alkaline, acid, neutral drugs and

volatile substances. . RIA was the screening procedure used for
marijuana, PCP, 1SD, cocaine metabolite, opiates, benzodiazepine, and
apphetamines. This procedure complemented the combined .

alkaline/acid/neutral drug screen performed by gas chromatography/mass .
spectrometry. All specimens were alsoc analyzed for the presence of
ethyl alcochol by headspace analysis on a gas chromatograph with a FID
detector as well as TDxX ethancl assay (Abbott Laborateries, Illinois).

Specimens submitted with a volume of 5 m]l or less were tested only by
the RIA and alcohol procedures. A summary of the substances tested for,
the analytical methods used and their sensitivity limits are listed in
Table E-1.

E.3 Sample Preparation

10 ml of the whole blood was transferred to a screw cap polypropylene
tube and frozen, then thawed at room temperature to lyse the red blood
cells in order to provide a uniform matrix. The thawed specimen was
centrifuged at 10,000/g for 10 minutes and 3 alicquots were prepared.
One mL was reguired for the RIA screen and alcohol analysis. Four nL
was then aliquoted for the alkaline/acid/neutral drug screen by GC-MS.
Sample preparation, extraction methods and instrument conditions are
detailed in Tables E-2 through E-7.

E.4 RIA Screening

The Roche Abuscreen Radioimmunoassay was employed for the initial
screening of opiates, cocaine metabolite (benzoylecgonine) marijuana
metabolite (ll-nor-9-carboxy tetrahydrocannabinel), amphetamine,
methamphetamine, phencyclidine and the benzodiazepines. ‘

Diagnostic Products! Coat-A-Count® assay for ISD was alsco used.
Manufacturers recommended procedures were followed for each.
Modifications were made to the guality control material such that the
reference standard was at the sensitivity limit described in Table E-1
and the positive control was concentrated at twice the sensitivity. A
drug free control was also analyzed.

E-1



The THC procedure regquired a preliminary treatment of the blood to
optimize recovery. :

In this treatment, to 100 mcL of sample was added 100 mcL of cold
(-10°C) acetonitrile in a microcentrifuge tube and vortex mixed.
Optimal recovery was achieved when the acetonitrile was added slowly to
the already vortexing specimen. The mixture was centrifuged at high
speed for 5 minutes and 100 mclL of the supernatant was removed and
placed in a polystyrene tube. '

This tube was placed in a water bath at 40°C and evaporated under a
stream of nitrogen (approximately 5 minutes). The kits' reagents were
added directly to the residue. The manufacturer's protocol was followed
from this point in the assay.

E.5 GC/MS 8Screen

A solid phase extraction using Worldwide Monitoring Corporation Clean
Screer® extraction columns (ZCDAU020) was used to extract the acid,
basic and neutral drugs which were included in this study.

To prepare the sample 6 ml of 100 mM scdium monobasic phosphate buffer
adjusted to pH 5.5 with concentrated sodium hydroxide was added to 4 ml
of the whole blood sample. 100 mcl of internal standard (Proadifen SKF
525A, 10 mcg/ml) was aliso added. The sample was centrifuged before
applying to the column.

The column was prepared by aspirating 3 ml methanol, fcllowed by 3 ml of
deionized water using a vacuum-extraction apparatus.

The sample was applied to the column and aspirated at a rate of 1 to 2
ml per minute. The vacuum did not exceed 5-7 inches Hg. The column was
washed by adding 2.0 ml of 0.1 M phosphate buffer followed by 0.5 ml of
1.0 N Acetic Acid.. The column was then dried for 5 minutes under full
vacuun of 15-20 " Hg. 1.0 ml hexane was added to the column, which was
then aspirated.

The vacuum apparatus was prepared to collect the acid and neutral drug
fraction. The acidic and neutral drugs were eluted by the addition of
4 ml of Methylene Chloride. The eluant was set aside to be added to the
basic drug fraction later. The column was washed with 3 nl methanocl
before collecting the basic drug fraction. The basic drug eluant was
prepared fresh by mixing 80 parts Methylene Chloride, 20 parts
Isopropancl to 2 parts concentrated Ammonium Hydroxide. A 6 ml portion
was added to the column and ccllected. The two eluants were combined in
a conjical centrifuge tube and evaporated to dryness under a stream of
nitrogen in a 40°C water bath.

The extract was prepared for the GC/MS by adding 50 mcl 90% Ethanol and
500 mcl of Hexane. After vortexing and centrifuging, 2 mecl of the lower
ethancl layer were injected into the GC/MS in the scan mode. Ion masses
in the range of 40-450 amu were scanned. A drug and metabolite library
search of all peaks was made along with a search of all base peaks of
the drugs listed in Table E-1 at appropriate retention times. A summary
of the GC/MS parameters can be found in Table E-2 and E-3.

E-?Z_
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E.6 Quality Control

The GC/MS screen used selective drugs at the sensitivity levels for the
drug classes as the positive control: for example, amitriptyline
representing the antidepressants, butalbital representing the
barbiturates, etc. {(See Table E-8). An internal standard was used in
all extractions to insure individual extraction recoveries. Alsc a
GC/MS verified negative blood control was used.

The Confirmation/Quantitation procedures used a high, low and negative
control in most procedures. MultiShewhart Rules were used as acceptance
criteria for the guality control. See Table E-8 for a complete list of
- guality control materials.



Substance

Alcohol (sthanol}
Hallucinogens
2 THC
Carboxy THC (metaboiite)
Phencycikiine
LsD
Benzodiazepine Tranquilizers
Diazepam
- Nordiazepam {diaz, metab.)
Lorazepam
Flurazepam
Desethyiflurazepam {fluraz. metab.)
Alpmazolam
Orazepam
Chicrdiazepoxide
Desmethylchiordiazepoxide
{chlordiaz. metab.)
Barbiturate sedatives
Phenobarbital
Secobarbital
Butabarbital
Butalbital
Penrtobarbital
Amobarbitai
CNS Stimulants
Cocaine
Banzoylecgonine {cocaine metab.)
Amphetamine
Methamphetamine
Caffeine
Non-=barbiturate sedatives
Ethchionrynol
Methaguaione
Maprobamate
Antihistamines
Diphenhydramine
Chicrpheniramine
Antidepressants
Amitriptyline
Nortriptyline (amitrip. metab.)
imipramine
Desipramine {(imipramine metab.}
Doxepine
Desmethylidoxepine (dox. metab.}
Fluoxetine
Norfluoxetine
Narcotic Analgesics
Maperidine
Methadone
Propoxyphene
Norpropoxyphene
(propox. metab.}
Oxycodone
Codaine

Morphine
Heroin

Table E1
Substances to be Assnyud for, and Tests to be Used and their Sensitivities: for

*Compiste Aulr Specimens
Test
Test Used Senaitivity
GC/FID 0.005% wiv
RIA - 13 ng/mi
RIA 13 ng/mi
RIA 12.5 ng/m!
RIA 0.5 ng/mi
RIA 100 ng/mi
RIA 100 ng/mi
RINGC -MS 50 ng/mi
RIAVGC -MS 50 ng/mi
RINGC=M3 50 ng/mi
RIA/GC-MS 50 ng/mi
RIA/GC~MS 25 ng/mi
RIANGC-MS 50 ng/mi
RIA/GC-MS 50 ng/mi
GC-MS 1000 ng/mit
GC-—-MS 1000 ng/ml
GC-MS 1000 ng/mi
GC-MS 1000 ng/m!
GC-MS 1000 ng/ml
GC-MS 1000 ng/mi
RINGC-MS §0 ng/mi
AINGC-MS 50 ng/mi
AIA §0 ng/mi
RIA 150 ng/mi
GC-MS 20,000 ng/mi,
50 ngfml
GC-MS 50 ng/mi
GC-MS 1000 ng/mi
GC-MS 50 ng/mi
GC-MS 50 ng/mi
GC-MS 50 ng/mi
GC-MS 50 ng/mi
GC~MS 50 ng/mi
GC~-MS 50 ng/mi
GC=-MS 50 ng/mi
GC-MS 50 ng/mi
GC-MS 50 ng/mi
GC-MS 50 ngy/mi
GC-MS 50 ng/mi
GC-MS 100 ng/mi
ac-Mms 50 ng/mi -
GC-MS 50 ng/mi
GC-MS - 50 ng/mi
RIANGC-MS 50 ngiml
RIA 50 ng/ml
RIA 50 ng/ml

E~4

Confirmation/Quantitation Test

Test Usad Sensitivity
GC/FID 0.005% wiv
GC/MS 1 ng/mi
GCMS 2 ng/mi
GC/MS 2.5 ng/ml
HPLC 0.1 ng/mi
GC/ECD 100 ng/mi
GC/ECD 100 ng/mi
GC/ECD . Sng/ml
GC/ECD 20 ng/mt
GC/ECD 20 ng/ml
GC/ECD 5 ng/mi
GC/ECD .20 ng/mi
HPLC 100 ng/mi
HPLC 100 ng/mil
GC-MS 100 ng/mi
GC—-MS 100 ng/mi
GC~-MS 100 ng/mi
GC-MS 100 ng/mi
GC-MS 100 ng/mi
GC-MS 100 ng/mt
GC-MS 50 ng/ml
GC=-MS 50 ng/mi
GC-MS 50 ng/m)
GC~MS 50 ng/mi
HPLC 20,000 ng/mi
GC-MS 50 ng/ml
GC-MS 50 ng/ml
Spactrophotometry 1000 ng/mi
GC~-M3 50 ng/mi
GC-M3 50 ng/ml
HPLC 5 ng/ml
HPLC S ng/ml
HPLC S ng/mi
HPLC S ng/mi
HPLC 5 ng/m!
HPLC 5 ng/mi
HPLC S ng/mi
HPLC 5 ng/mi
GC-MS 50 ng/m!
GC-MS 50 ngy/m!
GC-M5 50 ng/ml
GC-MS 50 ng/mi
GC-MS 50 ng/ml
‘GC-MS 50 ng/mi
GC-MS 50 ng/mi
GC-MS 50 ng/mi



Antipsychotics
Chiorpromazine
Thioridazine
Mesordiazine

Quinidine

Procainamide

N-Acetyiprocainamide
{procainamide metab.)

Lidocaine

Flecainide

Muscie relaxant
Cyclobenzeprine

F=TANLEL

Table E1 Continued

Screening Test
Test Lised Sensitivity
GCMS 100 ng/m!
GCMS 100 ng/mi
GC/MS 100 ng/mi
GC/MS 500 ng/mi
GC/MS 500 ng/m!
GOMS 500 ng/mi
GC/MS 100 ng/mi
GOMS 200 ng/mt
GC/MS 50 ng/ml

ConfirmatioryQuantitation Test
Test Used Sensitivity
HPLC 10 ng/mi
HPLC 10 ngiml
HPLC 10 ng/mi
immunoassay 100 ng/ml
Immunoassay 500 ng/imi
immunoassay 500 ng/mi -
Immuncmsa‘ y 200 ng/mt
HPLC 100 ng/mi
HPLC 10 ng/ml



Table E2

GC/MS Qualitative and Quantitative Procedures

GCME Screen -
Acid, Basic and neutral -

drugs (qualitative)

Marijyens
1. Dalta-§-THC
2. Carboxy D—-9-THC

i

Moo

Monitoring Corp. Horshem,

Solid Phass
Column: zdiqullm

Monitoring Corp. Horshem,

PA (ZSDAUO20)

Sclld Phase,
Column: EDOtngChm

Monitoring Corp. Horshem,
PA (Z8DAUO2D)

Salid Phase,

Column: 200 myg Clean

Monltoring Corp. Horsham,

PA (ZSDALIOZD)

Proaciifen No derimtization necessary

(BIF525A)

Philacleiphia, PA

Dautersted (D3} Morphine Pentafiuoroproplonic

codeine (MSD isotopes, Anhydrido(PFPA) Regls

Marck & Co., Rahvway, NJ Chemical, Morton Grove, 1L,
{(#640113)

Deuterated (D3) Amphetamine,  4-— Carbethoxyhexaf!

(D5) Methamphetamine Sigma  chloride PCR Inc. (#12357)
Chemical Co., 5t Louis MO

(PA-0922, # M-2271)

1.4 mog/mi {200 mel)
Deuterstad (D3} Cocaine, BSTFA with 1% TMCS Pierce
Bsnzoylscgonine Sigma cmwmwmmnumu
Co.. 5L Louis, MO (#C~8162.  (#12357)

+#B-8021}

5 meg/mi (200 meh

Deutersind (D3) D-9-THC,  TMAH/DMSO, lodomethare

Carboxy D=8~THC Fesearch  Sigma Chemicel Company St
Triangle instituie Louis, MO

THC 50 ng/ml (300 mci)

THCA 250 ng/mi (300 mef}

Tolybarbital Trimethylantinium hydroxide
Aldrich Chemical Company (TMAH) Pierce Chemical
{17,957~ 4) Company Rockford, I (#4930C)
25 meg/ml {200 mef)

Milwatsias, W1

Proadifen No derivetization necessary
(SKF525A)

10 meg/mi (100 mel)

Philadieiphia, PA

Proadtien No derivatization netessery
{SKF325A)

10 meg/mi {100 mel)

Philacislphia, PA



Table E3
lons Monitored GC/MS Procedures

Quantitation lons
lon Monitored {STD lon

GC/MS Screen 40-100 86.1
Morphine: 4142 | 5772 4302 | 5802
Codeine 4452 2822 446.2 448.2
Amphetamine:; - 2944 2481 266.1 297.1
Methamphetamine 308.1 2801 2621 | 3121
Cocaine: 1821 2721  303.1 185.1
Benzoylecgonine 2401 346.1 361.1 2431
D-9-THC: 3131 328.1 316.1
Carboxy D-9-THC 313.1 3571 3721 331.1
Amaobarbital 169.1 184.1 246.1
Butabarbital 169.1 184.1

Butalbital ' 181.1 196.1

Pentobarbital 169.1 184.1

Phenobarbital 175.1 232.1

Secobarbital 181.1 196.1

Propoxyphene 58.1 ' _ 86.1
Norpropoxyphene 44 1 234.1 :
Phencyclidine 200.1 186.1  242.1 B6.1
Methadone 72.1 165.1

Meperidine 711 ] 2471

Diphenhydramine 58.1 165.1

Chlorpheniramine 203.1 165.1

Oxycodone 303.1 196.1

F=O0M33



TABLE E4

GC PARAMETERS
ASSAY INJECTION| TEMP 1 | TIME1 | RATE1 | TEMP 2 | TIME2 | DETECTOR
PORT (°C) ' TEMP |
Opiates’ 250 170 0.1 15°C/min 280 2 280°C
Amphatamines’ 170 100 01 30°C/min 200 2 280°C
Cocaine! 250 190 0.1 18°C/min 280 5- 280°C
Marijuana® 250 235 22 18°C/min 290 6 280°C
Barbiturates' 250 100 0.1 15°C/min 180 0 280°C
RATE2 | TEMP 3 | TIME 3
3°C/min | - 200 5
Propoxyphene! 250 170 0.1 20°C/min 290 5 280°C
Alkafine Drugs® 250 150 0.1 20°C/min| 280 s 280°C
GC/MS Acid,! 250 80 0.1 20°C/min 290 5 280°C
Base, Neutral
Screen {Qual)
Volatiles? 80 80 - —— - - 160°C
Benzodiazepineg 250 170 01 20°C 290 5 300
Y{nstrument/column: HP 5890GC with 5970B MSD/12.5 meter HP-5
Ynstrument/column:. HP Headspace autosampler, Shumadzu Mini—2 GC/5% Carbowax 20M
on 60/80 Carbopak 68X 1/4* 0.D. X4 MM LD.
dnstrument/column: HP 5880 GC/ECD/Rt—-50 (50% methyl—50% Phenylpolysitoxane)
15 meters x 0.25 mm 1D X 0.25 fiim thickness
TAELEY



HPLC Quantitative Procedures — TABLE E5

Procedurs Extraction

Teleyelics

1. Amisiptyfine Soild Phase,

2. Norriptylire Column: Jet Tubes

3. Imipramine Harlin Associates

4. Desiramine (#1805)

5. Doxepin Ghbaonia, PA

8. Desmathyl Doxepine (doxepin memabolite)

7. Cyclobenzeprine

8. Fluonetine Bolid Phass,

8. Norfuwtne Column: Jet Tubes
Harlin Associates
(#180%)
Gibsonla, PA

Antipsycholics -

1. Chlorpromazine Solkd Phasas,

2. Thicrkiazine Column: Jot Tubea

3. Mesoridazine Hariin Associates
{(#1805)
Gibaonia, PA

Bernzodiazepines

1. Alpraxoclam Solld Prass,
Cotumm; Bomd —-Elute
C~ 18 Analytichem
{#1210—-2001) Harbor
Chy, CA

2. Chicrdiazepodide . 400 meg sample

8. Desmethyichlordlaxepoxkd 400 meg cold
sceionlvle

internal Standard

Concentration
famount used

Haloperidal

Mchell Pharmaceutical

Spring House, PA
(#17.957-4)
500 ng/ml (200 mch

Flecainide acetate
SM Pharmaceuticals
9t Paul, MN

Trimipramine

500 ng/mi {200 mef)
Wyety —Ayerst
Phiadelphia, PA

Methyiclorazepam
Hofiman LaRoche
10 meg/ml (800 mel)
Nutley, NJ

Stock ROT-9749
Hoffman LaRoche

Nutley, NJ
10 meg/mi (800 mcl}

Mobile Phase

eafaIn
Acetontrite:Methanol
(0.32% Heptane
Sulphonic Ackl/0.2%
Acetio Acid) pH 5.8

&I
Acetonirile:Methanol
(0.32% Heptane
Sulphonic Ackd/0.2%
Acetic Acld) pH 8.8

06.5/28 5(/5.
Acetoniylle:Methanol:
(0.92% Heptare
Sulphonic Ackif.2%
Acelic Acd) pH 5.8

21/14/88.
Acetonivite:Methanol:
{0.08 M Methane

Sulphonic Ackd 50 mM

Tristhylamine) pH 2.5
with 10N

KOH 28/66/6
Acetontirile:0.833%
Acetic acid: 0,32%
Heptane Sulphonic
AcidpH 58 -

Column

Cyanopropyl 8 mem
25 cm (#8528) .
Zorbax
{#880552-70%)
Chadds Ford, PA

Cyanopropyt 8§ mem
25 em (#9525)
Zorbex
(#880332~-70%5)
Mac —Mod

Chadds Ford, PA

NOVA-PAK C18
Watees (#06344)
Mitford, MA

N/A

Waters nsrumant Co.
U.V. Detecior 254 nm
Miford, MA

1.5 mifmin

Waters Instument Co.

Fluorometer Detector

Exclinion wavelength - 227 nm

Emisaion Filter 200 nm
Miiford, MA
1.5 mijmin

Waters Instrument Co,
UV, Detecior 254 nm
MMord, MA

1.5 mifmin

Waters instrument Co,
U.V. Detector 254 nm
Milford, MA

1.5 mifmin

Waters Inakrument Co.
LY. Detector 254 nm
Millord, MA

1.5 mi/min

insrument/Wavelength/Flow
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HPLC Quantitative Procedures — TABLE E5 Continued

Procedure Extraction hrternat Standard Moblle Phase Column nsrument/Wavelength/Flow
Concentation
{amount ussd)
Haltucinogens
LSO Solid Phass, Ergotamine Tarkate 35/85/08, Cyanopropyl 5 mcm Waters Instrument Co.
Column: Jet Tubes  Alltech—Appled Sclence Acetonitrlis:2% Aceic 25 cm (#9525) Flucrometer Detecior
Harlin Asscciates State College, PA Acid: Heptane Zorbax Exciation wavefangth — 227 nm
{(#1805) Sulphonic Acld pH 5.8 (#880952- 705) Emission Fliler 280 nm
Gibsonia, PA , Mac - Mod Anafytical Milford, MA
Chadds Ford, PA 1.5 mifmin
Stimidants.
Caflolne Methanol Prrecipitaion Bete~hydroxyethyttheophyline 35/85/08, UMramex Cyanopropyt  Waters instrument Co.,
100 me! Sample Ameg (200 mch S—15531  Acelonitlie:2% Acetic 15 cm (#OOF -0050EOS) Flucrometsr Detector
200 mcl methanol 3M Pharmaceutical St Ackk: Heptane Phenomsenex Co, Exchmton wavelength — 227 nm
Paul, MN Sulphonic Ackd pH 8.6 Palos Vardex, CA Emission Filter 280 nim
Mitford, MA
1.8 mi/min
Antierrhythmic
Flecainkie 8olid phass {n~(2-plperidyimetinf) -2,  35/85/08, Beckman #244070 Exchation 210 nm
Jot Tube 3-bis {2.22-Wifucroethyl)  Acelonitrile:2% Aceic  Utrasphere Cyano—  Emission fiter 280
Hearlin Associates benmmbide hydrochloride Acid: Heptane propyl stainiess stesl Milford, MA
{#180%) Rikon Laboratories Buiphonic Acld pH 5.8 (15 cm) 1.5 mi/min

Ghsonla, PA 250 ng/mif200
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Proceduze

QC/MS Screen .
Acid, Basic and neutral 4 mi
drugs (qualitative)

Morphine 2ml

.é_

2m

2mi

Amoberblial ™

Phencyciidine 2ml

Bampls Skxe

TABLE ES

Solld Phase Extraction GCMS

Sample Preparation

6 mi 0.1M phosphete bufier
Adjust pH 1o 6.0 with
phosphate butter

4 mi 0.1M phosphate buffer
Adjust pH 1o 8.0 with

phosphate buffer

4 m! 0.1M phosphate bufter
Adjuet pH 10 8.0 with

phosphate butier

4mi0.1M phouplnhbulh‘
Adjuet pH 10 8.0 with
phosphate buffer

4 mi 0.1M phosphale bulfer
Adjust pH 10 8.0 with
phosphate butter

4 mi 0.9M phosphate buffer
Adjust pH 10 8.0 with
phosphate buffer

4 ml 0.4M phosphete buffer
Adjust pH 10 8.0 with
phosphate bufter

Column Preparation

3 mi methanol
3 mi D! water
3 mi 0.1M phosphate buffer

S mi methanol
3 mi DI water

9 mi 0.1M phosphaie buffer

3 mi methanol
3 mil D! water
$ mi 0.1M phosphais buffer

3 mi methanol
3 mi O water
3 mi 0.1M phoephaie bufter

3 mi methanol

3 mi DI water

'3 mi 0.1M phosphate buffer

3 mi methanol
S mi DA water
3 mi 0.1M phosphate bufter

3 mi metharol
3 mi Dl water
3 ml 0.1M phosphate buffer

Column Wash

'8 mi Dl water

3 mi 1.0N acetate butler pH 3.5
3 mt methanol

Q

 water
JON acetic acld

i

s
8
3

i3

Sl D) water
3 mi 0.1N HCl
3 mi methanol

3 mi Dl water
3 mi 10N acetic acid
0.5 ml Hexane

3 mi Dt water
3mi 0.1N HC)

3mi Methanol

A mi DI water
8 mi 0.1N HCI
3 mi Mathanol

Samplae Eluiion

Acki & Neutral Druge
4 mi Methylens Chicride

Basic Drugs

8 mi Methylens Chicride
Isopropancl Ammontuem
hydroxide (78:20:2)  °

& m! Methylene Chicride
Isopropancl Ammordurm
hydroxide (78:20:2)

lecpr
hydroxide {78:20:2)

8 mi Hexar/Ehyl acetats
(50:50)

6 mi Methylene Chicride
Armmoniuen

Isopropancl
hydraxide {78:20:2)

8 mt Medtwiene Chiorids
laopropanct Ammonium
hydroxide (78:20:2)



ZI-3

Procedwse

Tricyciice

oo s N -

~

Amitiptyline
Norwiptyline
Imigramine
Daslpramine
Doxepin

Deasmethyl Doxepine
(doxepin metabolits)
Cyclobenteprine

8. Puosetine

Norfluoxeline

Antipeychotics

1.
2
3.

Chiorpromazine
Thioridazine
Mesoridazine

Benzodiezepines

1.

Alprazolam

Sample Size

1ml
tml
1ml
1ml
1ml
1iml
1iml
1m
iml
im

1 mi
tmi
tmi

{ml

Iml

tml

TABLE E7
HPLC Extractions

Column Prep

2 mi bicarbonate buffer pH 10.5
2 ml bicarbonaie bufter pi 10.5
2 ml bicerborate buffer pH 10.8
2 ml bicarbonate buffer pH 10.5
2 mi blcarborate bufler pH 10.5
2 ml bicarbonaie buffer pH 10.5
2 mi blearbonate bufer pi.10.5
2 mi bicarbonate bufier pH 10.5
2 mi blearbonate bulfer pH 10.8
2 mi bicarbonate bufter pH 10.5

2 ml bicarbonate bufter pH 10.5
2 mi bicarborate bufter pH 10.5
2 ml bicarbonate bufler pH 10.5

1 ml methanol
1 ml D1 water

2 mi blcarbonate bulter pH 10.3

2 m) bicarbonate buffer pH 10.5

Bample Elution:

24 mi Hexane:lsoamyl alcohol {89/1)
24 m! Hexane:lscamyl alcohol (59/1)
24 m| Hexarw:lscamy! alcohol (89/1)
24 m| Hexane:lscamyl alcohol (99/1)
24 mi Haxane:iscamyl aicohol (99/1)
24 mi Hoane:lscamyl alcohol {99/1)
24 mi Hexasne:lscamyl atcohol (99/1)
24 m Hexans: lscamyl aleohol {99/1)
24 mi Hexane:lscamy! alcohot {98/1)
24 ml Hoxane:lsoamy! alcohol (99/1)

24 ml Hexane: lscamy! atcohal (89/1)
24 mi Hexane:lscamy! alcohol (99/1)
24 ml Hexane:lscamy! alcohol {89/1)

400 mel methanol

Back Exaction

400 mc) 0.01N H,80,
400 mei 0.0tN H,80,
400 mct 0.01N 1,80,
400 me) 0.01N H,80,
400 mct 0.01N H,80,
400 mcl 0.01N H,80,
400 mcl D.0IN H,80,
400 mcl 0.01N H,S0,
400 mcl 0.01N H,80,
400 mel 0.01N H,80,

400 mi sthancl/0.01N H,S0,
400 mi ethandl/0.01N H,50,
400 mi ethenol/0.01N H,80,

svaporate: reconstiie with
200 mc) acetonitriie/methancl/

10 mM phosphate bufter
21:14:65 :

18 mi Hexane /ethyl acetate/lscpropendl 300 med 0.01N H,80,

lsoamy alcohol
65:35:5:1

24 ml Hexane:lsoamyl elcohol (89/1)

400 mcl 0.01N H,80,



1. d=9=-THC
2 d-9-Carboxy THC

F-ERLLC~L

" TABLE E8
Liquid/Liquid Extractions

Sampie

2mi
2ml

100 mel

400 mt
400 mcl
200 mel
200 mel
200 me!
200 me!

Bufter

none
none

pH 10.5 bicarbonate byfier

pH 10.5 blcarbonats bufler

pH 10.5 bicarborts buffer

pH 10.5 bisarbonats butfer

E-13

€ mi cold acwtonitrile
& ml cold acetonitriie

200 mel cold methanol

BO0 mcl eokd acetonitile
800 mcl cold acetonitriie
Heptane/ethyt acetale 50/50
Hepinne/sthyl acetate 50/50
Haptane/sthyl acstute 50/50
Heptane/athyl acetate 50/50



TABLE E9

QUALITY CONTROL QUANTITATIVE ASSAYS

Erocedure Low High
Tricyclics -
1.| Amitriptyline 100 ng/mi 400 ng/ml
2.| Nortriptyline 100 ng/mi 400 ng/mi
3.| imipramine 100 ng/ml 400 ng/mi
4. Desipramine 100 ng/ml 400 ng/mi
§.|Doxepin 100 ng/mi| 400 ng/mi
6. Desmethyi Doxaepine {doxepin metabolite) 100 ng/mi 400 ng/mi
7.] Cyclobanzeprine ' 100 ng/ml 400 ng/ml
8.] Fluoxetine 100 ng/ml 400 ng/ml
9,| Norfluxetine 100 ng/mi 400 ng/mi
Antipsychotics
1.| Chiorpromazine 100 ng/mi 400 ng/mi
2.1 Thioridazine 100 ng/mi 400 ng/mil
3.| Mesoridazine 300 ng/ml 400 ng/mi
.Benzod ines
1.[ Alprazolam 20 ng/ml N/A
2.| Chlordiazepoxide 200 ng/ml N/A
3.| Desmethyichlordiaxepoxid 200 ng/mi N/A
Hallucinogens
[ LsD ! 08ng/ml | N/A
Stimulants ‘
[ Caffeine 110000 ng/mil [ N/A
Antiarrhythmic
[ Pecainide | 200ng/ml_| N/A
Opiates ' :
1.| Morphine 100 ng/ml 300 ng/m!
2. Codaine 100 ng/mi 300 ng/mi
hetamines
1.| Amphetamine 100 ng/mi 600 ng/ml
2.| Methamphetamine 100 ng/mi 600 ng/ml
Cocaine
1.] Cocaine 100 ng/mi 200
2.| Benzovlecgonine 100 ng/mi 200
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TABLE E9 Continued

Procadure Low High
Marijuana
1.} Delta—9-THC 2 ng/mi § ng/mi
2.| Carboxy D—-8-THC 10 ng/mi 20 ng/mi
Barbiturates
1.|{ Amobarbital
2.| Butabarbital
3. | Butalbttal -
4.|Pentobarbital 500 ng/mi 2,000 ng/ml
§.| Phenobarbital
6.| Secobarbitai
Propoxyphene
1.| Propoxyphene 200 ng/ml 500 ng/mi
2.| Norpropoxyphene 200 ng/mi 500 ng/mi
Generic Basic Drugs
1.| Phencyclidine 25 ng/mi 250 ng/mi
2.! Methadone 275 ng/m! | 1,500 ng/mi
8.! Meperidine 100 ng/mi 500 ng/mi
4.{ Diphenhydramine 100 ng/m! 500 ng/ml
5.] Chlorpheniramine 100 ng/mi 500 ng/mi
6.{ Oxycodone 100 ng/ml 500 ng/m}
GC/MS SCREEN
ACID, BASIC AND NEUTRAL
DRUGS (QUALITATIVE)
Low High
Butabital 1,000 ng/ml | 2,000 ng/mi
Nordiazepam 100 ng/mi 200 ng/ml
Cocaine 50 ng/mi 200 ng/ml
Chlorphyenitamine 50 ng/mi 200 ng/mi
Meparidine 50 ng/ml 200 ng/mi
Methamphetamine 100 ng/ml 200 ng/mi
Amitriptyline 50 ng/mi 200 ng/mi
Codeine 100 ng/ml 200 ng/mi
F-OCQA
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Appendix F
Quality Check Procedure for Blood Assays

Formal quality control of the assay procedures was carried out
by American Medical Laboratories' (AML) intermal gquality control,
as described in Appendix E. For this project, quality checks
independent of AML were alsc made. The purposes of these checks
were twofold: (1) to evaluate AML's success in detecting drugs of
interest to the project; and (2) to assess AML's ability to
accurately determine the drug concentrations. To keep the expense
of these evaluations to a moderate level, only selected drugs of
most interest were included.

The quality checks ultimately were implemented through two
stages. Originally, the plan called for shipment to AML of test
specimens, disguised as regular study specimens. These test
specimens consisted of human blood spiked with prespecified
concentrations of the selected drugs. The specimens were prepared
by the Quality Service Assurance Corporation {QSAC) of Augusta,
Georgia. After introduction of this procedure, however, we learned
that spiking could not be done with great precision in the drug
concentrations, hence it was not possible to adequately assess
AML's reports in that regard. Consequently, a new stage of quality
checking was introduced. In this second stage, the spiked test
specimens were independently assayed by another independent
laboratory, the Chemical Toxicological Institute {CTI) of Foster
City, California. The assay results from AML and CTI were then
compared. .

The sections below describe the outcomes in the two stages.
F.1 stage 1

It was specified in the project's study design that forty test
specimens were to be prepared by an independent laboratory and
submitted to AML for analysis. Six drugs (in varying combinations
and concentrations) were included in the spiked samples: ethanol,
cocaine, carboxy-THC (& cannabis metabolite), diazepan,
benzoylecgonine (a cocaine metabolite), and phencyclidine. In the
first three months of the project's data collection phase, twenty
cf the forty test specimens were prepared and then sent to AML via
the Wisconsin study site. Once in Wisconsin, the samples were
given Wisconsin case numbers and labels, and shipped in the normal
shipping boxes to AML.

The samples were prepared in lots of five specimens, in which
each of the five samples were to be identical. To check on AML's
capabilities to detect weak concentrations, spiking was at trace
levels, i.e. just above the detection thresholds, in half of the
cases. To test AML's variance in measuring concentrations, spiking
was at an intermediate concentration for the other half.

The results of this first stage of the quality contreol
operation are presented in Table F-1l. All of the spiked substances
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Rﬁult of Assays of Test Specimerw
by American Modical Labostories:

Substances

benzoylecognine
phencyel idine

. ethenol (3 samples)

carboxy THC
ethanal

diaxepam

bentolecognine
phencyclidine
coceine (3 samples)

ethanol (5 samplies)

carboxy THC

ethancl
diazepan

. Table F-1

Stage 1

Intendad
Concentration

7™ ng/ml
© 20 ngiml
{Not in-
tended)

50 ng/ml
0.01X w/v
150 ng/ml

250 ng/ml
100 ng/ml
{Not in-
tended)
{Not in-
trenced)

250 ng/ml
0.%0% w/v
000 ng/wl

Loncentrations
Hepn $td. Dey,
59.0 1.4
16.2 1.8
0.006% 0.D05
59.2 “
0.01% 0
31 3%
195 15
89.4 2.1
10.6 9.8
0.02% 0
2686 27
0.07% 0
878 o]



were correctly identified, i.e., there were no false negatives.
There were false positives however, in the specimens spiked with
benzoylecgonine and phencyclidine. In three of these specimems,
AML detected cocaine, a result of the assay process converting
" benzoylecgonine intoe cocaine (upon notification of this problem,
AML took steps to correct this)., Alsc, ethanol was detected in
eight of the specimens spiked with benzoylecgonine and
phencyclidine; in these cases however, AML was correct, because
ethanol was in the solvent necessary for spiking with
benzoylecgonine. :

i Regarding the issue of quantification, Table F-1 indicates

that there were significant deviations of the mean concentrations
from the intended concentrations of the test specimens. This
problem was investigated, and it was determined that there were two
important factors involved. One proklem was the lack of a
foolproocf method o©f preparing test samples to precise
specifications (i.e. it is difficult to spike the samples so that
they contain exactly the intended amount of the substances). The
second problem is a lack of information on how the substances break
down (decay) over time. All of the samples were prepared at the
same time and then shipped to the Wisconsin site over a period of
eight weeks. It is possible that the concentrations declined over
time due to this decay.

F.2 Btage 2

To deal with the problems encountered in the first quality
control procedure, we revised our plan to include a third
laboratory in the process. The Chemical Toxicological Institute
(CTI) was chosen to assist in the quality control operations.

A total of thirty-three more test specimens were prepared by
Quality Service Assurance Corporation. To ensure that the blood
supply itself was not contaminated, the first specimen was
substance-free (no drugs were added to the blood). This sample was
sent to CTI for analysis and the results showed the blcod supply to
be clean. The other thirty-three specimens were prepared in four
separate lots (eight in each lot), with five of the samples sent
to AML and three sent to CTI. The samples were frozen prior to
shipment te CTI and the Wisconsin site, and were sent from Quality
Service Assurance Corporation using cold packs. Both of these
steps were taken to reduce the possibility of decay.

The drug combinations, intended concentrations, positive
detections, and reported concentrations by the laboratories are
presented in Table F-2. The results were very satisfactory. AML
identified all spiked substances except in one instance when spiked
phencyclidine was found by AML at a level below their sensitivity
limit, when they properly reported the substance as not detected.
Interestingly, AML was always able to detect the carboxy-THC, while
the confirmation laboratory was not. The variances in AML's
reported concentrations alsoc appeared satisfactory in all cases
except with a series of diazepam concentrations, where the
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Prepared Test Specimens

table £-2

Drug Assay Quality Check Results Suxmary:

Assay Results:

Stage 2

Chem, Tox. inst.*

Assay Resulta: Amer. Med. Lsb.*

Test # Specimens Reported Concentrations f Specimens | Reported Concentrations
Lot Spiked {ntended fn which [rr-recerrreenrirarernriranscnnauanas fn whiech  J=emcrcmerermeincanarenrnnsns
» Substances Concentration Detected Mean std. Deviation | Detected Mesn std. Devietion
Benzoylecgonine 75 ng/mi Jout of 3 61.7 0.47 5 out of 5 M.2 4.49
' PR OROUNRY P N P T (R, e e [T T bammmmmm s

PCP 3 ng/ml 3 out of 3 4.9 0.90 &k out of 5 5.6 2.80
Detected,
Carboxy THC 56 ng/ml 3 out of 3 unable to 5 out of 5 51.6 5.5
quant i fy
2 Ethanol 0.01 wv Jout of 3 0.01 0 5 out of § 0.01 0
Diazepam 150 ng/ml Joutof 3 176.7 12.5 5 out of § 120.6 23.8
Bentoylecgonine 250 ng/ml Joutofd 159.3 47.3 5out of § 142.4 1.9
. S [P [ e e [ RO SN
PCP 100 ng/mt Y out of 3 9.3 0.5 5 out of 5 85.4 4.8
Detected,
Carboxy THC 100 ng/ml Joutof 3 Unabie to 5 out of § 106 8.0
quantity
& Ethonol 0.10 w/v Jout of 3 - .09 0 Soutof 5 084 005
Diazepam 1000 ng/mt 3 out of 3 1323 351.5 5 out of 5 1220 144.0

*From each lot, Chem. Tox. Inst. was provided ulth ¥ test specimens and Amer. Med. Lab. was provided with 5 specimens.

there was & minimum interval of 1 week between shipment of individual specimens.

For each lab,




—

variability seemed excessive. The situation was improved when AML
switched from gas chromatography to liquid chromatography, but the
variances in their readings also seemed due in part to an actual

deterioration of the concentrations of diazepam in the series of
spiked specimens. :
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CRASHE RESPONSIBILITY RATING

This manual tells you how to rate driver crash responsibility,
using accident reports and a rating scale. In rating a driver's
responsibility for a crash, you will answer the question: Tc what
extent is this crash due to the driver? A driver is “"responsible"
for a crash when something she/he did or did not do helped to cause
the crash. Examples of crash-causing driver actions or inactions
are the foellowing:

© The driver lost control of his/her vehicle.

o Thé driver failed to perceive something, such as a
stop sign.

© The driver misjudged something, such as the speed of
an approaching vehicle.

© The driver went through'a red traffic signal.

It is very important that you understand that in rating
responsibility, you are not judging fault, guilt, blame-worthiness,
culpability, or making any other moral or .legal attribution of
wrongdeing. To clarify the Qifference between responsibility and
the other concepts, consider a crash in which the driver had a
heart attack, and his vehicle went off the road into a tree. In
this case, the driver was "responsible® for the crash (he lost
control of the vehicle), but you probably would not consider the
driver to be at fault. 0f course, sometimes a driver may be
responsible for a crash and legally at fault too, but basically
the concepts are different, and you must concentrate on
understanding responsibility as it is defined here.

The scale you will use was developed from earlier versions
{Perchonok, 1978, Terhune 1983). It is shown in Table G~1l. In
rating responsibility with this scale, you basically judge whether
the driver was fully responsible for the accident, contributory to
the accident, or not at all responsible. Because information on a
crash may sometimes be inexact or ambigucus, you are alsc allowed
to specify "“responsible or contributory" or *contributory or
neither". Thus, in rating a driver's responsibility, you have a
‘choice among five responses, which makes the scale a 5-point
scale.
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(3)

(2)

(1}
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Table G-1

The Scale ©f Crash Responsibility

Responsiblé ~= Actions of the subject driver-vehicle created
the critical situatien.

Responsible/contributory -- Driver had some responsibility,
but it is not clear -whether he was responsible or
contributory.

Contributory -- Another vehicle or agent created the critical
situation, but the subject driver could have avecided the crash
by a normal evasive maneuver or by driving defensively or by
giving a warning signal (e.g., horn, flashers)

Contributory/neither -~ At most, the driver's responsibility
was only contributory.

Neither respcnsible nor contributory =-- Driver had no
responsibility for the accident.

Unknown =-- Information is insufficient for rating

responsibility. Score this when choice is between full
responsibility and none. Use rarely.

Definitions

Agent ~- The precipitator, animate or inanimate, of an event; may

be another vehicle, a persen (e.g., pedestrian), an animal, or
a natural phencmenon such as a tree falling on the road.

Critical situation -- A condition in which a crash is imminent,

though it may still be avoidable. (Note: Lack of defensive
driving does not in itself define a critical situation.)

Defensive driving -- Driving so as to minimize chances of a

critical situation developing. Consists of maintaining
alertness, anticipating pessible hazards, taking precautionary
actions. Examples are: sounding one's horn when a vehicle
encroaches on one's travel lane; slowing and watching for
crossing vehicles at a yellow blinker light; slowing when
pedestrian appears. about to cross the street.



DRIVER RESPONSIBILITY::
CLARIFICATION OF ITS MEANING

f Bf'“responsibility" we mean that the driver's behavior was a

causal factor in the the accident; the behavior includes what the
driver did do and did not do, i.e., responsibility can be the
result of an action taken or not taken, a perception made or not
made. A driver will be responsible as the result of any influence
"internal*® to the driver, i.e., a physical or mental event or
condition. Examples are a perception, a heart attack, fainting,
_anger, excitement, and a judgment.

Note that cur working use of the responsibility concept, by
excluding culpability, blame, and similar considerations, also
- omits considerations of motivation and intent. You are not to
judge whether the driver was deliberatelv risk-taking or showing
careless disregard of safety. While such driver attitudes may have
influenced the behavior causing the accident, it is the behavior
and not the underlying attitude that makes the driver responsible.

It may help you to think of the driver as an organism or
mechanism in the human-machine system comprising the driver and the
vehicle. 1If a crash occurred because the driver=-mechanism failed
to perform as it's suppoesed to, then the driver-mechanism is
responsible for the crash. ° To function safely, the
driver-mechanism must follow certain rules or programs, represented
by traffic laws, "rules of the road" specified in state driver
manuals, and safe-driving practices taught in driver education.
The responsibility coder should have a sound understanding of these
safe-driving rules, for it is a driver's deviation from the rules
which make him/her responsible for an accident. '

The Driver vs. External Agents

Responsibility for a crash is divided among the driver you are
rating (the subject driver) and all other agents "external" to the
driver. The external agents may include:

o other driver-vehicles

o other occupants of the subject driver's vehicle
o the subject driver's own vehicle

© features of the roadway environment

o pedestrians

o animals’

In judging the responsibility of the subject driver, you
consider how much responsibility is shared by external agents.
Clearly, if an external agent is primarily responsible for the
crash, the subject driver can at most be considered "contributory."
Usually, the role of an external agent is easily determined, but
occasionally fine distinctions have to be made. For example, if a
driver crashed when a painful bee sting caused a sudden disruption
of vision, little or no driver responsibility would be assigned,
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because the bee was an external agent. 1If, on the other hand, the
driver crashed because a sudden jillness caused a loss of vision,
the driver would be assigned full responsibility, because the
influence was "internal" to the driver and not "external.” Fine
distinctions will also have to be made when there are distractions -
to the driver, such as children inside the car. If the driver
allows herself/himself to be distracted, then the driver must be
assigned responsibility for a resulting crash. If the distraction
was so intrusive that the driver could not ignere it, then the
driver may bear little or no responsibility for the crash. You
will have to make a judgment in the individual case.

Re nsibilit ou Compensation F ure

As you know, weather conditions, traffic volume, and other
environmental circumstances can make driving more hazardous. For
a c¢rash in such circumstances, however, you should not
automatically reduce the driver's responsibility rating because of
these "external agents." The driver's internal "program" should
tell the driver to compensate for conditions, such as by slowing:
down and increasing alertness. Two important considerations here
are {a) foreknowledge and (b) normal precautions. -For a driver to
be judged responsible through compensation failure,- we must assume
he/she had foreknowledge of the conditions, yet failed to take
normal precautions. Such assumptions must have reasonable grounds,
e.g., an icy road must be readily visible, or a deer-crossing area
must be clearly posted. Sometimes, however, a driver may have no
foreknowledge of a .road hazard, as in the following examples:

© an isolated icy patch

© & rock that tumbled into the road

© a deer darting intc the road where there are no
deer-crossing signs

¢ a sudden snow-squall obscuring visien

. In such cases, the driver will have 1little or no
responsibility for a crash that occurs. The coder will have to
evaluate the circumstances in the individual case.
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BOW TO RATE_CRABK_ RESPONSIBILITY

In order to rate a driver on his/her crash responsibility, you
first need to learn what happened in the crash, and then you have
to judge why it happened on the basis of the facts in the crash
file. 1In order to do this, you will find it best to examine the
following documents, if present in the case file, in the order
shown:

© scene diagram - This will provide a bird's eye view of the
accident, and it may indicate the sequence of events during
the crash.

o police narrative - Since 'the reporting officer was at the
scene, and may have interviewed witnesses of the crash,
this may be your best objective description of how the
crash happened and why.

o witness reports ~ If present in the crash file, witness
reports can provide useful evidence on what happened and
perhaps even why. Witnesses are fallible, of course, but
they can provide valuable corroboration (or noncorrobation)
of details from other sources. Unfortunately, witnesses
are not present in many crashes. Sometimes a police report
will merely report the presence of witnesses without
actually providing their statements. In these cases,
you'll have to assume that the police narrative took inte
account the witness reports.

o gdriver interviews - If there are interviews of one or more
of the drivers in the crash, these can provide the only
source of what the driver(s) was actually doing before and
during the crash. You need to be cautious here, for
‘drivers in the crash may provide a biased interpretation of
the events. '

Rules of Thumb for Responsibility Rating

The next section will provide guidance for rating
responsibility in particular crash situations, but there are a few
general rules of thumb which you should keep in mind while rating
responsibility. These are as follows: )

(1) When you have information on what the driver did, take
that intc account in rating the driver's responsibility.
If you do not have information what the driver did, rate
the driver's responsibility on the basis of the vehicle's
actions leading to the crash. (For example, it is ogten
possible to assign responsibility when knowing a vehicle
went through a red light or stop-sign.) This rule will
often be useful in rating the responsibility of fatally
injured drivers.
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(2) Do not assume that a driver must be able to handle every
situation; an external agent may assume part or all of
the responsbility for a .crash. ’

{3) If a driver attributes crash responsibility to an
external agent, do not accept the driver's report unless
there is supporting evidence, such as a witness report.

(4) Try to avoid biasing assumptions about crash
responsibility on the basis of what you learn about the
driver's age, gender, driving experience, vehicle type,
or even alcohol use. Code strictly on the basis of the
driver's and/or vehicle's actions.

(5) Give special attention to witness reports, including
police mention that there was a witness. These add
credibility to the police account of the crash, even if
the officer does not actually cite the witness's
statement.

Guidelines ecific Sjtuations

Crash patterns which occur commonly are described here. While
you may expect to assign responsibility generally as suggested
here, there can be exceptions.

Single-driver accidents. In single-vehicle crashes, 'and
crashes of a vehicle with a parked vehicle, you should assume that
the driver was fully responsible for the crash, unless an external
agent assumed some or all of the responsibility. For example, if
the subject driver lost control of his/her vehicle while trying to
avoid a crash with another, the other vehicle may bear some of the
responsibility for the crash. Other external agents may be
pedestrians, animals, the driver's own vehicle (if it failed in
some way), or an environmental factor. Caution: when there is no
evidence of the presence of an external agent except the driver's
own report, do not accept the driver's report as credible unless
there is plausible, substantiating detail in the driver's story.
Generally, the driver's report should have some corroborating
evidence, such as witness reports, a dead animal at the roadside,
a vehicle part left at the scene.

: Left-turn accidents. A fairly common accident is one where a
vehicle making a left turn collides with another vehicle on the
same rocad coming in the opposite direction. Typically, the
left-turning vehicle cuts across the path of the oncoming vehicle
and is struck by it. The driver of the turning vehicle is usually
judged responsible, because a left-turning vehicle is required to
yvield the right-of-way to oncoming vehicles before completing the
turn. '

Rear-end crashes. A driver is generally held responsible when

his/her vehicle runs into the rear of a vehicle ahead on the same
road, for drivers are expected to be vigilant in cbserving traffic
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- ahead, and maintain enough distance behind other vehicles to be
able to stop safely should the vehicle ahead stop suddenly. An
exception to this general rule would the case where the vehicle
run inte was stopped in the road, without lights, in darkness.

Head-on crashes. Generally, responsibility in head-on crashes
is given to the driver of the vehicle which crossed the road
centerline. If the collision occurred right on the centerline, or
if it is unclear which vehicle crossed the centerline, each driver
-is considered contributory.

Stop-sign accidents. In intersection collisions where one
vehicle had a stop-sign {(or yield-sign) and the cther did not, the
driver-vehicle with the stop-sign is generally assigned
responsibility for not yielding the right-of-way to the vehicle on
the through-street. In the case of intersections with stop-signs
on all approaches, the vehicle reaching the intersection first has
the right-of-way. When two vehicles reach an intersection at the
same time, the vehicle to the right has the right-of-way.
Responsibility is generally assigned to the vehicle which violated
the right-of-way of another, but sometimes a driver with the
right-of-way may be held partially responsible for failing to show
reasonable caution. T

Vehicle mechanical fajlures. A driver usually is not judged

responsible if the crash was due to mechanical failure of the
vehicle. A driver's claim of wvehicle failure is not to be
considered valid, however, without some supporting evidence of the
faiiure. . This may sometimes be found in the police report of the
accident.

Sun glare and other visibility interferences. Drivers in
accidents occasionally attribute the crash to their being partially
blinded by sun glare. In these cases, you should first look for
plausibility of this claim: use the police-reported time of day,
weather condition, and direction the driver's vehicle was facing to
see if they are consistent with the possibility of sun glare.
Second, determine whether the driver made a reasonable choice of
action under the circumstances. Similar considerations arise in the
case of a vision-obscuring downpour. A driver who cannot see
adequately who chooses to make a turn or change lanes takes a high
risk, and should be assigned responsibility for any ensuing crash.
Generally, the driver with a visibility interference should either
proceed very cautiously or move carefully to the side of the road,
or not move if already stopped.
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LEARNING TO RATE RESPONSIBILITY

Learning to rate responsibility consistently with experienced
coders has been found surprisingly easy. To achieve proficiency,
the coder needs to (a) study this manual, and (b) practice rating
cases, conmparing one's own ratings with those of -experienced
raters. To facilitate practice, descriptions of 50 varied crashes
are provided in Appendix A. Because of space limitations, these
cases are not nearly as thorough as the case documents of a
professional accident investigation, but rating drivers in these
cases will provide a valuable initial lesson.

In our experience, merely practicing on a diverse set of 50 to
100 crash cases helps the first-time rater to learn to Qistinguish.
the levels of responsibility that drivers experience in actual
crash situations. It is recommended, consequently, that the rater
practice on actual police reports or on case records of
professional accident investigators. It is essential that those
records include at least a narrative of the crash events, and
preferably an accident scene diagram showing the paths and
positions of the crash vehicles.
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APPENDIX G-1: PRACTICE CABES

Note: The following narratives are guoted from actual police
accident reports, with identifying information
changed. The amount of detail provided is typical
of a police accident report. An in-depth
investigation (often provided in fatal accidents)
will of course provide more detail. Each case is
preceded by 4 pieces of information that may be
helpful in rating the case: number of vehicles
involved, time of day, weather/road conditions, and
location descrlptlon. Record your rating in the
space provided. Ratings of original coders for
these cases follow the entire set of 50.

Legend: Veh = Vehicle -

Oper = Operator
1} 1 veh 3:06 AM clear/dry suburban intersection

1 was southbound on Smith St when (according to skid marks) the
driver lost contrecl and swerved from the west lane inte the east
lane. The veh crossed the Jones Ave intersection, swerving back
into the west lane, then off the road into a retaining fence,
tearing out approximately 75 feet of the fence before coming to
rest across the west lane of Jones Ave south.

Rating Veh 1

2) 2 veh 4:30 PM clear/dry urban intersection

Veh 1 being operated north on Cooper R4 when at Harrison Ave with
the front end collided against the rear of Veh 2 being operated
north on Smith. Driver 1 states he looked down and when he looked
up it was too late.

Rating Veh 1

3) 1 veh 4:43 AM clear/ary suburban 2-lane rd

According to operator of car who related that she was traveling
north on Perry Ave, "“Suddenly a dog ran out in front of me. I
swerved to avoid the dog and swerved to the right and setruck a
pole. "

Rating Veh 1

4) 2 wveh 12:10 aM clear/dry urban intersection

Veh 1 being operated in northerly direction on Main St and when at
the intersection of Stanford Ave, with the front end of wveh
collided with the left side of Veh 2 which had pulled into the path
of Veh 1 and attempted to negotiate a left turn.
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Rating Veh 1
5) 2 veh 9:00 PM snowing/icy urban intersection

Oper of Veh 2 sgtates that while northbound on Ellen St and
approaching the intersection at Mary Ave, she did apply her brakes
and her veh skidded into Mary Ave. COper of Veh 2 states she was
attempting to stop for the stop sign. Oper of Veh 1 was westbound
on Mary Ave at the intersecticn of Ellen St when Veh 2 skidded into
his path. Vehicles collided. Veh 2 also hit a house at 123 Mary
Ave. ‘ ) .
Rating Veh 2

€) 1 veh €:00 PM clear/dry urban intersection

Veh 1 being operated west on Culpepper Ave, at the intersection
driver did attempt to avoid a defective barricade and struck a
light pole. Reflector on barricade defective, nonvisible.

Rating Veh 1

7}y 2 veh 12:45 PM clear/dry suburban 4-lane rd.

According to witness who was northbound on Main St ahead of Veh 2,
Veh 1 was being operated southbound in the northbound lane and
narrowly missed the witness veh prior to striking Veh 2. Witness
further stated that.the operator of Veh 1 appeared to be asleep as
his head was resting against the driver's window and his eyes
appeared to be closed. Operator of Veh 1 apparently suffered a
stroke as upon arrival of ambulance he stated that his left side
was numb.
Rating Veh 1

B} 1 veh 3:23 PM raining/icy urban bridge

Veh 1 eastbound over Johnson Rd on bridge. Driver observed a veh
ahead of her slow for an accident. She applied her brakes and went
into a skid on the ice-covered bridge. She lost control and struck
the guardrail.

Rating Veh 1

9) 2 veh 2:15 AM cloudy/dry urban intersection

Veh 1 being cperated in socutherly direction when at Jones Ave with
right front of veh collided with rear of Veh 2 which was parked at
the curb on Smith St. Owner of Veh 2 was under the vehicle
attempting repairs. Oper 1 states she did not see Veh 2 (no lights
or flashers operating on.-Veh 2).

Rating Veh 1
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10) 1 veh 2:13 AM clear/dry suburban intersection

Driver 1 stated he was north on Johnson Rd when he fell asleep.
According to Driver 1, he awoke and found the veh to be at the "Y*
intersection of Johnson and Peterson Rds. He attempted to drive off
the grass but lost control. The car slid intc the light pole which
stopped Veh 1.

Rating Veh 1

11) 2 veh 3:47 PM clear/dry urban intersection

Operator of Veh 2 stated that she was southbound on Donovan St and
was stopped for the red light on Donovan at the intersection of
Patrick Ave. Operator of Veh 2 stated that while she was stopped,
her veh was struck in the rear by Veh 1. Operator of Veh 1 stated
that she was proceeding southbound on Donovan and when she
attempted to stop, the brakes failed. Officer checked Veh 1; no
brakes. :

Rating Veh 1

12) 2 veh 12:35 PM cloudy/wet urban intersection

According to the operator of Veh 2 who was traveling north on
Connecticut St, he was about to turn left onto Maryland Ave and had
the green light and it changed to yellow. He said that as he was
entering the intersection, he observed another southbound motorist
= Veh 1 - sliding toward him, so he stopped his veh and was struck
by Veh 1. Oper of Veh 1 related that he had the green light,
entered the intersection and Veh 2 made a2 left turn in front of him
and did not stop at all. '
Rating Veh 2

13) 1 veh 1:40 PM rain/wet urban intersection

Veh 1 was going west on Greer Ave and when at the intersection of
Constitution Ave, the driver in stopping his motorcycle, slipped
and lost contrel of it. Driver fell down with cycle and hit the
pavement.

Rating Veh 1

14) 3 veh 3:05 PM cloudy/dry urban 2-lane rd

Veh 3 stopped at a red light, Veh 2 coming to a stop behind Veh 3.

Driver of Veh 1 behind Veh 2 was distracted when a cigarette fell

inside Veh 1. When driver reached down for cigarette, Veh 1 struck

Veh 2 and then Veh 2 struck Veh 3 causing a chain reaction.
Rating Veh 1

G-13



-

15) 1 veh 12:50 AM cloudy/wet urban expressway

Driver of Veh 1 states that while attempting to exit crossway at
Peterson Rd, an unknown small vehicle cut in front of her vehicle,
causing her veh to swerve from the middle lane past the left lane
striking the guardrail. Veh 1 left the roadway, flipped over
perpendicular to the roadway and slid eastbound on top of the
guardrail. While still flipped over on its top, Veh 1 then struck
and knecked over a light pole and came to a stop. Both the driver
and the passenger were trapped inside the veh and had to be freed.
Both witnesses gave accounts of the accident while driving in front
of Veh 1. Statements supported Driver l's statements and officer's.
investigation at scene. .
Rating Veh 1

16} 2 veh 11:05 PM cloudy/dry urban intersection

Veh 1 going west on Peterson Rd when at the intersection of Johnson
Ave and with the front end collided with Veh 2 striking the left
front cquarter. Veh 1 then left the roadway and struck a tree on the
southwest corner. Veh 2 left the roadway and struck & tree on the
northwest corner. '

Rating Veh 1 '

17) 2 veh 5:45 PM cloudy/dry urban 2-lane rd

Oper of Veh 2 states as she stopped for traffic ahead of her on
Johnson Ave in the area of Flower Park, she was hit in the rear by
Veh 1. Oper 1 states she was traveling east in the curdb lane in
this area and passed into the passing lane and as she did, Veh 2
stopped suddenly. Oper Veh 1 states she attempted to stop but could
not and hit Veh 2.

Rating Veh 2

18} 2 veh 4:05 PM cloudy/wet suburban 2-lane rd

Veh 1 operating ncrth on Main St when at about 1234 Main, Veh 1
struck a center median curb causing veh to go out of control and
collide with Veh 2 also geing north on Main. Oper of Veh 1 states
she didn't observe the median curb sticking out as her passengers
were distracting her. .

Rating Veh 1

19) 2 veh 11:39 AM clear/dry suburban intersection

Oper 1 stated he was driving westbound on Carson Ave when Veh 2
pulled in front of his veh. Oper 2 stated she was traveling
eastbound on Carson and began to .make a left turn from Carson onto
Main St. Oper 2 stated she turned across the eastbound lane of
Carson and did not observe Veh 1. Witness stated that Veh 2 pulled
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. in front of Veh 1, both vehicles struck each other, and Oper 1 was
thrown to the pavement.
Rating Veh 1

20) 2 veh 1:10 PM clear/dry urban interchange

Driver 2 stated he was exiting Highway 55 onte Highway %9, stopped
at the stop sign, and pulled ahead slowly to see if it was clear to
proceed when Veh 1 struck him from behind. Driver 1 stated he was
. exiting Highway 55 onto Highway 95 and was stopped at the stop sign
behind Veh 2, and started up when he thought Veh 2 had started,
colliding with Veh 2.

Rating Veh 2

21) 1 veh 3:00 PM. clear/dry suburban driveway

Driver 1 stated that he was backing down his driveway and his veh

kept stalling. When the veh made it to the roadway, the passenger

stated that she would hold the gas pedal down with her foot while

the driver braked and shifted. The passenger hit the gas too hard,

the driver could not control the veh, and the veh went off the

road, striking a mailbox and a tree. L
Rating Veh 2

22) 2 veh 6:35 AM . clear/dry suburban intersection

Driver 1 said -he was southbound when Veh 2 made a left turn in
front of him. Veh 1 left 57 feet of skid marks before striking Veh
2. Driver 2 said that Veh 1 was driving without lights at a high
rate of speed (accident occurred early morning before sunrise).
This was confirmed by both witnesses. It is a 40 MPH zone. Driver
2's view was obstructed by a slight rise in the road alsc. Veh 2
was struck in the right rear in the middle of southbound lane.
Rating Veh 2

23) 2 veh 8:56 PM | cloudy/dry suburban curve

Veh 1 traveling north, failed to negotiate a curve and struck Veh

2 parked on east side of roadway. Veh 2 unattended and parked off

highway. Operator of Veh 1 states she did not see curve in roadway.
Rating Vveh 1 :

24) 4 veh 2:00 AM cloudy/dry urban 4-lane hwy

Vehicles 1, 3, and 4 (police vehicles) were westbound chasing Veh
2, also westbound. Driver 2 attempted to make a left turn and
Driver 1 hit Veh 2 on the driverfs side to stop him. This caused
Veh 2 to spin around and strike a utility pole. Veh 3 came up
behind Veh 2, and Veh 2 backed up into Veh 3's front end. Driver 2
was trying to get away. Veh 4 came alongside of Veh 2 and Vehicles
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1, 3, and 4 pinned Veh 2 at the pole.
Rating Veh 3

25) 2 veh 1:30 AM clear/dry suburban 4-lane hwy

Driver 2 stated that Veh 1 crossed into southbound lane. Driver 2
nmoved right to avoid collision but Veh 1 kept coming and struck Veh
2. Witness John Feldman stated he observed Driver 1 slumped over
the wheel before the collision as if the driver had fallen asleep.
Driver 1 could not recall what had happened. She was taken to the
hospital by her father. Veh 1 continued on after impact with Veh 2,
jumped the curb and took down mail boxes belonging to Jane Shoe.
Rating Veh 1 .

26) 1 veh 6€:36 PM cloudy/wet urban 2-lane rd

Veh 1 was southbound on Faith S5t when it crossed over the
northbound lane and struck a tree. The driver does not remember
what happened prior to the collision. The passenger states that the
driver tried to avoid a parked vehicle then lost.control of the
vehicle.

Rating Veh 1

27) 2 veh 2:00 PM clear/dry urban intersection

Veh 1, being operated north on Barbara St, when at Dooley Ave, with

front of veh did collide with rear of Veh 2, stopped, preparing to

make an illegal left turn. Oper cof Veh 1 states he was watching a

vehicle to his right and when he locked forward, Veh 2 was there.
Rating Veh 2

28) 2 veh 3:52 PM clear/dry urban intersection

Veh 1 proceeding northbound in the passing lane on Muldoon St. Veh
2 westbound entered the intersection of Muldoon St and O'lLeary Ave
in the path of Veh 1. Veh 1 struck Veh 2. Driver 2 failed to yield
the right~of-way to Driver 1.

Rating Veh 1

29} 2 veh 7:15 PM clear/dry urban/parking lot

Veh 1 southbound in the rear parking lot of the grocery store with
its front end struck the front end of Veh 2 which was parked. Owner
of Veh 1 is a witness to the accident and states that the driver
appeared to have lost control.

Rating Veh 1
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30) 2 veh: 12:48 AM rain/wet urban intersection

Veh 1 reported to be northbound on Dover St. Veh 2 crossed Dover
from Michael Ave. Veh 1 struck Veh 2, Veh 2 was spun around and
stopped facing south, Veh 1 was pushed onto the center median and
struck a sign. Drlver 2 ejected from vehicle.

Rating Veh 1

31) 1 wveh 12:14 AM clear/dry suburban 4-lane hwy

Veh 1, driving east on Lincoln Ave, left the roadway and struck a
light pole. Driver of veh stated she and driven a long distance and
had fallen .asleep at the wheel.

Rating Veh 1

32) 2 veh 6:55 PM Clear/dry urban intersection

Veh 1 struck Veh 2 when Driver 1 sped up to make the vellow light
while Driver 2 was making a left turn during the yellow light.
Rating Veh 2

33) 1 veh 3:15 PM clear/dry urban 2-lane rgd

Veh 1 (motorcycle) did strike a pothole with front wheel, causing
driver to lose control. The veh then fell on its side.
Rating Veh 1

34) 1 veh 11:54 AM Clear/dry- suburban 2-lane rd

Driver 1 stated that a red Pinto stopped fast in front of her. She
knew -she could not stop, drove into a yard, slid sideways about 75
feet, and struck a tree. Other vehicle's actieons, veh unknown.
Witnesses: Martha Eldridge, Kevin Healy.

Rating Veh 1

35) 2 wveh 7:00 AM : cloudy/dry urban 6-lane hwy

Veh 1 collided with Veh 2 causing damage. Oper of Veh 1 stated she
signalled to change lanes and did not see Veh 2. Oper. of Veh 2
states he was going straight and suddenly Veh 1 changed lanes,
striking him.

Rating Veh 1
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36) 2 veh 9:05 AM rain/wet urban intersection

Driver 1 states he was operating north on Broadway and did not see
the stop sign directing his flow of traffic. Veh 2 was operating
west on Jennifer Ave and with front, Veh 1 ceollided with left side
of Veh 2 at the intersection. ’

Rating Veh 2

37} 1 veh 5:15 PM¥ cloudy/dry rural 2-lane hwy

Veh 1 with front end struck a tree off roadway. Oper 1 remembers
sneezing before the accident and nothing else.
Rating Veh 1

38) 2 veh 4:58 PM clear/dry suburban plaza

Veh 1 was eastbound through plaza. Driver stated that he went to

" f£lick ashes in the ashtray and momentarily took his eyes from the

road. Veh 2 was northbound through plaza and was struck by Veh 1.
Rating Veh 2 -

39) 1 veh 9:55 AM clear/dry urban RR crossing

Veh 1 was northbound on State St on the railroad crossing when the
vehicle's front end dropped down and struck the railrocad tracks.
The veh dropped down due to the crossing grade being uneven as the
crossing is in stages of construction. When the veh struck the
tracks, Driver 1 struck her face -~ causing swelling, bleeding, and
loss of teeth. Also injured knee. The passenger struck her head on
the windshield, cracking it. '
Rating Veh 1

40) 2 veh 5:12 PM rain/wet suburban 4-~-lane hwy

Driver of bus (Veh 2) stated he was stopped at a bus stop letting
off passengers. The 4-way flashers were operating &nd then he was
hit from behind. Said bus was facing north in curb lane in front of
a city bus stop. Driver of Veh 1 stated he was northbound on Smith
St in the curb lane. He observed the stopped bus and tried to go
around it. He could not make it because of a car in the passing
lane. He made contact with the bus.
Rating Veh 1

41) 2 veh 4:25 PM clear/dry rural intersection
Driver of Veh 1 was northbound on Harrison St approaching
Westminster Ave when he observed Veh 2 eastbound on Westminster

approaching Earrison St. Driver of Veh 1 stated Veh 2 slowed to
about 15 MPE and then continued across Harrison St without stopping
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at the stop sign. Driver of Veh 2 stated she did not remember what
happened and saw no stop sign. The below named witness was driving
directly behind Veh 1 and said he saw Veh 2 slow down but then go
through the stop sign. _

Rating Veh 2

42) 1 veh 2:20 PM clear/dry urban 4-lane hwy

Veh 1l being operated south in the northbound curb lane did mount
curd and continue southbound striking gas pumps located
approximately 20 feet from the east curb. As a result of the
collision the gas pumps were knocked from the pump island causing
fire. Oper of Veh 1 states that she was operating southbound on .
Main St when the gas pedal became stuck. After attempting to pull
the pedal from the floor with her foot and unable to do so, she
pulled on the emergency brake in an attempt to stop the bus. She
was unable to stop the bus and constantly gaining speed and
overtaking vehicles in the southbound lane. COper did observe a veh
operating in the northbound lane and did pull out to avoid this -
veh. After passing the veh, Oper did return to the curd lane. After
passing through the intersection at Main St and Jackson Ave, Oper
did mount the curb and strike the gas pumps located approximately
20 feet from the highway.
Rating Veh 1

43) 2 veh 6:55. PM cloudy/dry urban intersection

Veh 1 was northbound on Keifer St approaching the Getzel Ave
intersection. Driver 2 was westbound on Getzel Ave and attempted to
turn left onto Keifer St. Traffic on Keifer St had the green light.
Veh 2 turned in front of Veh 1, Veh 1 struck Veh 2.

. Rating Veh 2

44) 2 veh 6:15 PM clear/dry urban intersection

Veh 1 was on Prospect S5t and when at the River Ave intersection
turned left into Veh 2, which was eastbound on Prospect St. Oper 1
stated she could not see Veh 2 due to the glare of the sun, which
was bad at time of report.

Rating Veh 2

45) 1 veh 5:30 PM rain/wet urban 4-lane hwy

Veh 1 being operated south on Military Rd when at 1234 Military
with the front collided against a telephone pole at same location.
Driver 1 states an unidentified veh ran him off the road. Driver
apparently didn't have contrel of wveh.

Rating Veh 1 :
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46) 2 veh 3:35 PM cloudy/dry suburban 4~lane hwy

Driver 2 tecld patrel he observed Veh 1 in his rear view mirror
traveling at a high rate of speed before Veh 1 hit Veh 2 in the
back end. Veh 1 and Veh 2 were traveling in the middle lane. Driver
1 told patrol he accelerated his veh not realizing how close he was
to Veh 2, causing him to run inteo the back of Veh 2.

Rating Veh 1 '

47) 2 veh 5:36 PM snow/icy suburban 2-lane rd

Oper of Veh 2 stated that he was proceeding southbound on Dillon St

when Veh 1, which was proceeding northbound on Dillon crossed over . .

into the southbound lane and struck Veh 2 head on. Oper of Veh 1
stated that she was proceeding northbound on Dillon and as she was
attempting to negotiate a curve in the roadway she lost control of
her veh on the slippery pavement and crossed over and struck Veh 2
head on.

Rating Veh 2

48) 2 veh 2:56 PM clear/dry " suburban 2-lane rd

Veh 1 southbound on Angelo Rd passed a roadsweeper. When Driver 1
pulled back in line, the front of the veh began to shake, causing
the driver to lose control of the veh, causing the driver to fall
out ontc pavement. Veh 1 then crossed the northbound lane, grass
area, and struck a parked car (Veh 2) in the left door. Veh 2 was
parked in exit driveway of gas station and unoccupied at time of
collision. -
Rating Veh 1

49) 2 veh 2:40 PM clear/dry suburban 4-lane hwy

Veh 1 made a right hand turn (northbound) ontc Barrister Rd from
the grocery store parking lot. Driver 2 made a left hand turn
(northbound also) onto Barrister Rd from the department store
parking lot. Both drivers stated they did not see the other until
impact. Skid marks on the northbound inside lane appear to belong
to Veh 1, possibly indicating Veh 1 improperly turned into the
inside lane.
Rating Veh 1

50) 1 veh 2:53 AM dry suburban curve

Veh 1 was heading west on Gulver Fork Rd. As Veh 1 was going around
a curve just before the accident scene (on wrong side of the road),
the driver slammed on the brakes, skidded sideways, and struck {(on
driver's side) a telephone pole (knocking down pole and wires), a
telephone booth and guard rails in front of 9999 Gulver Fork Rd.
Rating Veh 1
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(driver may have some responsibility because drivers should
be especially cautious in a shopping plaza parking lot)
39) 1 (questionable responsibility; could the driver not see the
construction work?)
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- APPENDIX G-2

THEORETICAL CONSIDERATIONS OF DRIVER RESPONSIBILITY

In the definition and explanation o©f the responsibility
concept as used in this manual,. .the driver is treated as a
mechanisa in the driver-vehicle system. This perspective enables
us to evaluate whether a crash can be attributed in part to a
‘malfunction of that mechanism, assuming that the total
responsibility for a crash can be divided among the driver, other
drivers playing a role in the accident, the vehicles, and the
environment. This perspective, we believe, will be consistent with
the objectives of most investigations into the role of the driver
in crash causation. Researchers generally are more interested in
learning about "what went wrong" to cause a crash than they are in
divining the moral or legal shortcomings of drivers, for discerning
the major "what went wrong" factors can lead to ways to reduce the
frequency and severity of highway crashes. Hence, we have
endeavored in this manual to distinguish crash responsibility from
culpability, malfeasance, blame, fault, and other legal and moral
conceptions. ' : .

In our initial application of the driver-as-mechanism concept
to assessing driver responsibility in actual crashes, a gquestion
immediately confronted was: By what standards do we determine
whether something was "wrong" in the driver's functioning? We need
to know the programs cr operating rules of a correctly-functioning
driver in order to determine that a particular driver has deviated
from those rules. In theory, we would need to know the entire
Uprogramn" by which the safe driver should operate, and that progran
should account for virtually all the situations a driver will
encounter. To our knowledge, no one has ever written that program,
but -its basic components have been codified in traffic laws, state
driver manuals, and safe-driving courses. While a thoroughly
exhaustive responsibility-coding manual would lay out the basic
"rules of the road" for the coder to study, no attempt to do that
was made for this manual. The guidelines that were provided seem
to be sufficient, given the limited information usually availabkle
in accident reports. In actuality, we seldom find details on the
driver's perceptions, judgments, and actions, especially when the
driver was killed. Hence, crash responsibility frecuently must be
based on observed vehicle actions. For ‘the most part,
responsibility is descriptive of the driver-vehicle system and is
not a psychological or mentalistic concept. As used here, it
certainly is not a moral concept.

Division of responsibility. We recognize that crashes are the

result of an interaction between the performance demands on the
driver and the driver's response to those demands. The performance
demands derive from the driver's own cbjectives and the demands
placed by external agents, including the traffic, traffic controls,
the weather, and other agents as listed in the text of this manual.
A truly thorough and sophisticated responsibility analysis would
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partial responsibillty among all the agents, and also show how much
the crash is due te a discrepancy between the external demands on
the driver and the driver's ability to meet those demands. (A
causal analysis system develcocped by Donelson et al. [1986]
attempted to capture such interaction effects.) For example, a
driver with limited experience or with imperfect vision may have an
accident when he/she misunderstands a confusing traffic signal at
a complex intersection. Unfortunately, most of the accident
details received in peolice reports and even in most in-depth
reports are insufficient to assess fully the effects of external
agents, and this is especially true of passive agents such as
traffic signs, road characteristics, and weather conditions. It is
also true of the demands of the vehicle, for accident reports-
almost never address the handling requirements of the vehicle.
Consequently, the burden of crash responsiblity is usually assigned
to. the driver. In effect, the driver is evaluated against a
standard in which he/she is supposed to be the perfect mechanism,
responding to and compensating for virtually all circumstances.
Perhaps this is why most attempts to parcel responsibility among
the driver, the vehicle, and the environment report that a large
majority of accidents are due to the driver, and few are attributed
to the vehicles .or environment. Statistical data show that
something is wrong with these indications, however. For example,
highway crash data show that accidents clearly tend to occur at
certain kinds of locations such as intersections and curves on
rural roads. Surely this is evidence of a pronounced effect of the
environment. Similarly, vehicles have been found to differ in
their accident invelvements, according to vehicle age, size, and
make/model. An ideal responsibility assessment would capture these
effects, but it may be impossible to meet that ideal, because of
the great difficulty of identifying the environmental and vehicular
influences on the individual accident, except in instances of overt
failure, such as an inoperative traffic signal or a brake failure.
c:onsequently, a driver typically is assigned the responsibility for
most accidents by default.

Unfortunately, the responsibility method described in this
manual has similar limitations. While the manual draws attention
to the effects of external agents, and it instructs the coder that
the driver must not be expected toc handle all situations, the coder
is restricted nevertheless by the lack of information on the
~influence of external agents. Hence, much responsibility will be
assigned to the driver by default. This is particularly true in the
case of single-vehicle crashes, where the coder is instructed to
begin with the presumption that the driver was completely
responsible for the accident. The limitation of our method should
net be exaggerated, however. In many cases, the driver's error is
apparent, and it is sometimes admitted by a driver.

Levels of Responsibility. Experts on crash causation have

generally agreed that accidents rarely have a single cause.
Considering the various external agents that may share crash
respensibility with the driver, one might expect to find
considerable variation among crash drivers in the degree of
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responsibility assigned to them by coders. Yet, the scale we have
used basically has only three levels: full responsibility,
contributory responsibility, and no responsibility. Theoretically,
further delineatiaon of levels of responsibility 1is possible. We
find, however, that the amount of information on crash causation in
most accident reports does not support finer distinctions.
Consequently, a more fine-grained responsibility scale must rely on
the use of in-~depth accident investigations using sophisticated
methods to identify all crash-contributing factors.

Stages of responsibility. It is important to realize that our
coding method assesses the driver's responsibility at the time of

the crash. This is the last stage in a sequence, in each of which
the driver assumes a different form of responsibility. The
sequence begins when ¢the driver enters his wvehicle for the
particular trip. Depending on his awareness of the condition of
himself, his vehicle, and the environment, he assumes some risk in
driving the vehicle, and thereby incurs some responsibility for the
outcome of the trip. He may be aware that he is tired, or that his
vehicle has bald tires, or that weather conditions make driving
hazardous. Although he may attempt to compensate for these
conditions in his driving, he nevertheless at this stage .has
assumed what may be called "diffuse responsibility" for a crash
that may occur as a partial result of the conditions.

On the road, the driver enters a second stage of
responsibility which depends on the way he is driving. He may
increase crash risks by excessive speed for the conditions, by
fellowing too closely, by distracting his attention through
conversation with a passenger. Thus, he has further established
the conditions for an accident. This enhancement of crash risk may
be called "global responsibility."

The final stage of crash responsibility is entered just before
the crash, when the driver's actions at a specific time angd
location result in a crash. Here, we may say the driver assumes
"immediate responsibility" for the crash. In the responsibility
method of this manual, only immediate responsibility is rated,
although in some cases the coder knows that the driver assumed
diffuse or global responsibility. To illustrate, one crash in our
files involved a vehicle with a damaged steering mechanism, which
repeatedly came loose and required tightening. The driver
continued to use the vehicle, aware of the defective steering
mechanism. ©One evening the steering mechanism failed, the driver
lost control of his vehicle, and a collision resulted. The driver
was not judged immediately responsible for the crash, although he
had clearly assumed diffuse responsibility.

Now, it may seem to the reader that a responsibility method
should rate any responsibility the driver had for a crash, rather
than isolate just immediate responsibility. 1In that approach, the
driver in the example above would have been rated responsible for
the crash. The problem with such a general approach is that it can
. interfere with research objectives, such as learning impairment
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effects due to alcohol or other drugs. Suppose, for example, that
a driver had smoked marijuana, then drove off and had a ¢crash. The
driver could be rated responsible because of the diffuse risk
he/she assumed by driving after using marijuana. Were we to
similarly rate all crash drivers who had ingested marijuana, it
would be impossible for a statistical analysis o©of the
responsibility data to indicate whether marijuana influences
crashes by impairing driving performance. Similar losses of
analytic capability would occur were we to prejudge any other
factors in the first two stages cof the responsibility sedquence.
Eence, our concentration is on the driver's actions in the third
and last stage immediately preceding the crash.

Reference

Donelson, A.C., Haas, B.C, and Walsh, P.J. The Etioclogy of Fatal
Traffic Accidents Invelving Alcohol and Cannabis. Report,
Traffic Injury Foundation of Canada, March 198&.
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APPENDIX G-3:
DEVELOPMENT OF CRASH RESPONSIBILITY METHODOLOGY

The final product presented here is based on a method for
Judging crash responsibility originally developed by Kenneth
Perchonock at Calspan Corporation in 1972. The original 5 scale
points remain the same, although the definitions and clarifications
are recent developments. The original scale demonstrated high
inter-coder reliability (r = .92) when utilized in Terhune‘'s (1982)
study. Further, responsibility rates were found to increase with
blood alcohol concentration (BAC), indicating wvalidity of the
scale. :

The Perchonok scale was evaluated in comparison with another
responsibility scale, a method by which coders rated responsibility
on a 0 to 100% basis, as used by Smith and Popham (1952). The
objective of this comparison was to determine whether one of the
scales was clearly superior to the other in terms of reliabhility or
other criteria. : -

The two scales were first evaluated by having two coders
independently rate crash cases on each of the scales using accident
reports from Terhune's 1982 study. Intercoder agreement levels were
simjilar for the two scales, with correlations of their scores
ranging from .77 to .92. While neither scale was more advantaged in
this respect, the Perchonock scale was Jjudged more easily
interpretable due to its clearly defined scale points. The points
of the "Smith-Popham scale™ were undefined, hence it is difficult
to interpret a coder's ratings. Rather than undertake a substantial
developmental effort to define the points in a meaningful way, the
decision was made to concentrate on improving the better-
established Perchonok scale. Since no coding guide had ever been
written for the Perchonck scale, development of a guide was made
the prime objective. Some minor clarifications in the scale points
were also made.

In the initial evaluation of the Perchonok scale, comparisons
were made of responsibility ratings taken from the 1982 study with
those of a new coder unfamiliar with the scale. Percent of exact
agreement between the new coder and the original coder was modest
(50%) and Pearson correlations fluctuated between .60 and .80. A
second coder then became involved and coded 40 cases. Correlations
were run between these "new" coders' ratings, with fair results (r
= ,65). Problem cases were singled out and differences discussed.
Rules were develcped for certain types of cases and incorporated
into an early draft of the coding manual. Another 40 cases were
independently coded by the two coders, and correlations again
computed. Differences were noted and the manual was once again
revised so as to encompass more situations.

The second attempt yielded very high correlations; however, it

was necessary to determine the consistency of this relationship.
Therefore, another set of 40 .cases was coded by the same two-
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coders, and it was found that the strong relationship remained. The
progression of intercoder agreement is presented in Tables 1, 2,
and 3. Not only were high correlations obtained in the complete
data set (Table 1), they were maintained in separate analyses of
single-vehicle and multiple-vehicle crashes (Tables 2 and 3). This
shows that intercoder agreement is not confined mainly to single-
vehicle crashes in which the driver is usually assigned high
responsibility <for the accident. Comparing the intercoder
correlations obtained in the 1982 study with those in this study,
the ranges were similar., The correlations overall were slightly
higher in the latest effort, but percent exact agreement was lower
for single-vehicle accidents than in the previous study. This
difference may be due to the new coding manual, in which the coder
is encouraged to consider other factors involved that may hold some
responsibility for the accident.

The final test for intercoder reliability involved giving the
new coding manual to a naive coder who coded the 50 practice cases
in Appendix A with no verbal instruction. The correlation was
excellent: r = .81, and percent of exact agreement was 66%. The
coder was next given 50 fatal-accident cases, taken from 7
different States' actual police reports, to code in the sanme
manner. The ceorrelation was again exceptional, r = .96, with
percent of exact agreement higher than in the first set (80%).

Validity of the revised scale was examined as a final step in
the process. If the responsibility ratings should demonstrate a
positive relationship to blood alcohol concentration, this would
indicate wvalidity, for it would reflect the well-established
correlation between BAC and relative crash risk. The BAC-
responsibility relationship is shown in Figure 1 which incorporates
the 3 sets of 40 cases. The Pearson correlation between BACs amd
responsibility ratings was 0.38, which was significant at the .01
probability level.

The relationship presented graphically in Figure 1 was alsc
compared to that found in the 1982 study. While the relationship in
the earlier study showed a curious "drop" at the BAC level .15-.19,
Figure 1 shows no such anomaly. Responsibility  increases
ronotonically with BAC. It is important to note that the data set
used in the latest reliability and wvalidity checks is the same as
that used in the 1982 study. In comparing the present reliability
scores and the validity checks with those completed earlier, it
appears that the revised scale and new manual are an improvement
over the original version in terms of reliability and validity.
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Table 1:
Intercoder Agreement Using the Perchonok Crash Responsibility Scale
Entire Data Set

First number in each cell is the Pearscon correlation between coder
ratings. - .

Second number (in parentheses) is the percent exact agreement
between coders. :

e 5&s5

Coder 2 Coder 3
Coder 1 .65 (48%) .63 (45%)
Coder 2 " .72 (50%)

Second Set of 40 cases

Coder 2 Coder 3
Coder 1 .91 (68%) .94 (83%)
Coder 2 bd +93 (62%)

et o 0 _cases

Coder 2 Coder 3
Coder 1 .88 (54%) .92 (74%)
Coder 2 * .93 (68%)
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- Table 2:
Intercoder Agreement Using the Perchonok Crash Responsibility Scale
Single Vehicle Accidents

First number in each cell is the Pearson correlation between coder
ratings.

-Second number (in parentheses) is the percent exact agreement
between coders.

First Set of 40 Cases N=9

| Coder 2 Coder 3
Coder 1 .79 {67%) .82 (78%)
Coder 2 | * .97 (89%)

Second Set of 40 Cases N=11

Coder 2 Coder 3
Coder 1 .69 (73%) .83 (91%)
Coder 2 * .93 (73%)

Third Set of 40 Cases N=9

Coder 2 Coder 3
Coder 1 .95 (67%) .93 (78%)
Coder 2 ' * . .96 (7B%)
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Table 3:
Intercoder Agreement Using the Perchonok Crash Responsibility Scale
Multiple Vehicle Accidents Only

First number in each cell is the Pearson correlation between coder
ratings.

Second number (in parentheses) is the percent exact agreement
between coders.

First Set of 40 Cases N=31

Coder 2 Codex 3
Coder 1 .59 (42%) .57 (35%)
Coder 2 * .64 (39%)

Second Set of 40 Cases N=29

coder 2 Coder 3
Coder 1 .93 (66%) .94 (80%)
Coder 2 * .93 (58%)
Third Set of 40 Cases N=32

Coder 2 Coder 3
Coder 1 _ .85 (50%) .91 (73%)
Coder 2 * . .92 (65%)
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Appandix H
algorithas for the Derived varisbles

pichotomous DPrug Variables

conpute dbac = 0,

1¢ {(bmec gt O0) dbac = 1.

compute dthec = 0.

1% (the gt 0) dthe = 1,

compute dcartthc = 0.

if (carbthc gt 0) dcarbthe = 1.
cospute dpcp = 0.

1f {(pcp gt 0} dpcp = 1.

compute dlsd = D.

if (lsd gt C) dlsd = 1.

cowpute dalpraz = O.

if C(alpraz gt 0) dalpraz = 1.
conpute doxazpam = 0.

if (oxazpam gt 0) doxatpawm = 1.
compute declordyz = D. .

if {clordyz gt 0) dclordyz = 1.
compute ddesclor = O,

1f (desclor gt 0) ddesclor = 1.
conpute dfencbrbk = 0.

1f (fenobrb gt 0) dfenobrb = 1.

compute dgecobrd = 0.

1f (secobrt gt 0) dsecobrb = 1.
compute dbutabrb = D,

if (butabrb gt 0} dbutabrd = 1.
compute dbutalbt =-0.

if {(butalbt gt 0) dbutaslbt = %,
compute dpntobrd = 0,

if {pntobrdb gt 0) dpntobrd = 1.
tompute dawobrd = 0,

if {amobrb gt 0) damobrb = I,
cowpute dcoke = O,

if (coke gt 0) dcoke = 1.
conpute dbenzlec = 0.

if (benzlec gt C) dbenzlec = 1,
compute damfet = 0.

if (amfet gt O) damfet = 1,
COmPute dmethfet = Q0.

1f (methfet gt ) dwethfet = 3,
compute dcafeen = {.

if (cafeen gt 0) dcafeen = 1,
tompute dethclor = 0,

if (ethcler gt 0} dethcler = }.
compute duthgual = 0.

if (mthqual gt 0} dmthqual = §.
compute dweprod = 0,

if (meprob gt 0) dweprob = 1.
cospute ddiphen = D,

if (dipben gt Q@) ddiphen = 1.
compute dclorfen = 0.

if {clerfen gt 0) dclorfen = 1.



Dichotomous Drug Variables (cont.)

compute daatryp = 0.

if (amtryp gt 0} damtryp = L.
compute dnertryp = 0,

if (nortryp gt 0) dnoriryp = 1.
conpute dimpram = 0.

1f (lapram gt 0) diwpram = 1.
compute ddespram = 0,

1¢ (despram gt 0) ddespras = 1.
compute ddoxepin = 0.

it {dowepin gt 0) ddoxepin = 1.
compute ddesdox = 0O,

if (desdox gt 0} ddesdox = 1.
conpute duweperdn = 0.

if {(meperdn gt 0) dmeperdn = 1.
compute dmethdon = 0.

1f (wethden gt 0) dmethdon = 1.
compute dpreopoxy = 0.

if (propoxy gt U) dprepexy = 1.
cospute dnorprop = C.

if (norprop gt 0} dnorprep = 1.
compute doxydone = 0,

if (oxydone gt 0) doxydone = 1.
compute dcodeen = 0,

if (codeen gt 0) dcodeen = 1.
comPute dmorfeen = 0.

if {(morfeen gt Q4) dworfeen = 1.
conpute dhercin = O,

1f {(bheroin gt 0) dheroin = 1.
compute dclorpro = 0,

1f (clorpre gt 0) dclorpro = 1.
compute dthordaz = Q.

if (therdaz gt 0) dthordaz = 1.
compute dwesdaz = O,

if (wesordaz gt 0) dmesdaz = 1.
cowpute dQuipndyn = O, '
if (quindyn gt ¢) dquindyn = 1,
compute dprocain = 0.

1f {procatn gt 0) dprocain = 1.
compute dacetpre = 0.

if (mcetpro gt 0) dacetpre = 1.
coapute dlydcain = ¢,

if (lydcain gt 0) dlydcain = 1.
cospute dflecain = 0,

i1f (flecain gt 0) dflecain = 1,
compute dcycbenz = O.

if (ecyckenz gt 0) decycbenz = 1,



Parent Drug Darivations

COMPUIE NYCANNAR=OD.

IF (DTHC EQ 1 OR DCARBTHC EQ 1) NYCANNAB=1l.

CONMPUTE RYDIAZ=D.

COXPUIE NYCLRDYZ=0.

COMPUTIE DCCGROUPsQ.

IF (DBIAZ EQ 1 AND EDIAZ ¥E 1) NYDIAZ=l.

IF (DCLORDYZ EQ 1 OR DDESCLOR EQ 1) RYCLEDYZ=1.

IF (DEORDIAZ EQ 1 AND DDIAZ EQ 0O AND DCLORDYZ IQ O AND DDESCLOR EQ 0)
DCCGROUP=].

COMPUTE NYFLURAZ=(. . '
IF (DPFLURAZ EC 1 OR DDESFLUR EQ 1) NYFLURAZ=1.

VARIABLE LABELS EYCAREAR "TRHC/metadb’/ EYDIAZ ‘Diazepan definite'/
NYCLRDYZ 'Chlordiazepaxide/metab’'/DCCGROUP 'Diszepan-Chlorazepate-Chlordiaz'/
FYFLURAZ ‘Flurazepan/netab’'.

VALUE LABELS NYCAKNAB NYDIAZ NYCLRDYZ DCCGROUP NYFLURAZ 0 "Not found®
T *Found'.

COMPUTE NYCOKE=0. _

IF (DCOXE EQ 1 OR DBEEZLIC EQ 1 AND ECOKE NE 1) FNYCOKE=1.

COMPUIE AMFEIGRP=0.

COMPUIE NYMTHFETI=0.

IF (DAMFEYT EQ 1 AND DMETHFET EQ C) AMFEIGRP=1,.

IF¥ (DPYETHFET EQ 1) NYMIEFEI=1l.

COMPUTE NYAMIRYP=0.

IF (DANIRYF EQ 1 OR DEORIRYIPF EG 1) NYAMIRYP=1,

COMPUTE NYDOXPIR=D.

IF (DDOYEFIX FQG 1 OF DDESDOX EQ 1) NYDOXPIN=1l,

VARIABLE LABELS KRYCOKE ‘Cocaine/metab'/ AMFETGRP 'Amphetamine Group's
FYMIHFET “Methawphetamine Definite'/NYAMTIRYP ‘'Amitryptyline/metad’/
¥YDOXFIN 'Doxepin/metab’.

VALUE LABELS FYCORE AMFETGEP NYMIHFEY NWYAMTRYP KYDOXIPIE 0 ‘*Not found’
1 "Found®.



Parent Drug Darivations {(cont.)

COMPUTE NYPROPOX=0.

1¥ (DPROPOXY EQ 1 OR DNORPROPFP EQ 1) EYPROPOX=1.

COMPUTE NYCODEEE=(,

CONFUTE MORFGREs=(.

IF ({DCODEEN IQ 1) AND (CODEELN GT O0.1*MORFELE¥)) NYCODLEN=1.

iF {(DMOEFEEN EQ 1) AND (CODEEN LE O.1*MORFEEN))} MORFGRFP=1,
COMPUTE BYPROCAN=D,

I¥ (DPROCAIN EQ 1 OR DACETPRO EQ 1)} NYPROCAN=].

CONPUTE NYLYDCAN=D,

IF (DLYDCAIN EQ 1 AND ELYDCAIN EQ 0} NYLYDCAN=].

VARIABLE LABEILS NYPROPOX 'Propoxyphene/metab’/ FYCOPEIN 'Codeine defifite’/
MORFGR?P 'Heroin/codeine/sorphine’/ NYPROCAE 'Procainamide/metadb’/
EYLYDBCA¥ 'lLidocaine definite’.

VALUE LABILS NYPROPOX NYCODEEN MORFGRP NYPROCAN NYLYDCAN O 'Not found'®
t "Found'.

if (emorfeen eq 1) nycocdeensd.

if {ewmorfeen eq 1) wmorfgrp=0.

conpute nywmeprdn=0Q.

if {(dmeperdn eq 1 and emeperdn ne 1) nymeprdns=l,

variable latels nyweprdn 'Meperidine definite'.

value labels nywneprdn O 'Rot found® 1 *Found'.

conpute naranslg=Q. :

i {(pyweprdn eq 1 or duwethlon €94 1 or nypropox eq 1 or doxydone eq 1
er nycodeen eq 1 or worfgrp eq 1) naranalg=l.

compute antaryth=0.

if {dguindyn €9 1 or nyprocan e 1 or nylydcan eg 1 or

dflecain eq 1) antarythsl.

compute impramgp=0.

if (dimpram eq 1 or ddespram eg 1) iaprasgp=l.

variasble labels imprasgp "Imipramine/desipramine’.

value labels impramgp O ‘Not found' 1 'Found'.



Drug Class Derivations

COMPUTE HALUCGEN=D,.

IF¥ (DPCP EQ 1 OR DLSD EQ 1) BALUCGEN=1.

COMPUTE BENDIAZ=0,

1F (DD1AZ EQ 1 OR DNORDIAZ EQ 1 OR DLORAZ EQ 1! OF DFLURAZ EQ 1}

OR DDESFLUR EQ 1 OR DALPRAZ EQ 1 OR DOXAZPAM EQ t OR DCLORDYZ EQ I
OR DDESCLOR EQ 1) BENDIAZ=].

COMPUTE BARBIT=0.

IF (DFINOBEB EQ 1 OR DSECOBRE EQ % COR DBUTABRE EQ i1 OR DBUTALBT EQ 1
OR DPNTOBRE EQ 1 OR DANMOBRRE EQ !) l&RlII-l.

COXFUTE CNSSTIM=0. : *
IF (DCOXKE EQ 1 OR DMDEN2LEC IQ 1 OR DAMFET EQ ! OR DEETHFET EQ 1

OR DCAFEEN EKEQ 1) CNSSTIN=1,

COMPUTE OTHSEDIV=Q,

IF (DETHCLOR EQ 1 OR DMIHQUAL EQ 1 OR DMEPROB EQ 1) OTHSEDIVsl.
VARIABLY LABELS BALUCGEN 'Hallucinocgens' BENDIAZ ‘Benzodiazepines'

BARBIT 'Barbiturates’ CEHSSTIM 'CNS Stimulants' OTHSEDIV 'Other Sedatives'.

VALUE LABELS EALUCGCEXN BENDIAZ BARBIT CNSSTIM OTHSEDIV O ‘Not Eound’
1 *Found"'.

COMPUTE ARIIHIST=D.

1F (DDIPHEN XQ i1 OF DCLORFEX EQ 1) ANTIERISI=].

COMPUTE ANTIDEPR=C.

IF {DAKIRY? EC 1 OR DNORTRYF EQ 1 OR DIMPEAM XG0 1 OF DDESFRAM EQ 1

OF DDOXEFIN EQ 1 OR DDESDOX EQ 1 OR DFLUOX EQ 1 OR DEORFLUX EQ 1)
ANTIDEPR=1.

COMPUTE XARANALG=D,
IF (DHEPERDY EQ 1 OR DMETEDON EQ 1 OR DPROPOXY EQ 1 OR DNORPROF EQ 1

OR DOXYDONE EQ 1 OR DCODEENW EQ 1 OR DMORFEEX XIQ 1 OR DHEROIN EQ 1)
NARANALG=1.

COMPUTE ANIPSYCH=D.

IF {(DCLORPRO EQ 1 OR DTHORDAZ EG 1 OR DMESDAZ IQ 1) ANIPSYCH=1.

COMPUTE ANTIARYIH=O. )

IF {DQUINDYN EQ 1 OR DPROCAIN EQ 1 OR DACETPRC EQ 1 OR DLYDCAIN EQ 1

OF DFLECAIN EQ 1) ANTARYIH=1.

VARIABLE LABELS ARTIHIST 'Antibistawines’ ANTIDEPR ‘Antidepressants’
NARANALG ‘Narcotic analgesics' ANTPSYCH ‘Antipsychotics’

ANTARYIH 'Antiarrythmics’. )
VALUE LABELS ANTIHIST ARTIDEPR NARANALG ANTPSYCH ANIARYTH O 'Not found®
1 'Found"'.



brog Concantration Variables

coapute ;hlc'hac.

recode ghac (0.01=1)(0.02 thru 0.05=2)(0.06 thru 0.09=3)

(0.10 thru O.l4=4)(0.15 thru L.5=5).

var labels gbac 'BAC Group'.

value lsbels GBAC 0 "¥one' 1 ‘Trace” 2 "Low' 3 'Intermed’ & "High®
5 'Toxic'.

compute gthemthe.

recode gthe (1,2=1)(3 thru 19=2){20 thru 900=3}.

var labels gthc *THC Conc Group'.

compute gcarbthc=carbdthe.

recode goarbthe (1 thru 4=1)(5 thru 249=2}(250 thru 9000=3).

war labels gcarbthc 'COOB-THC Comc Group®.

compute gpepmpchp.

recode gpep (1 thru 7=1)(8 thru 46=2)(49 thru 89=3)(90 thru $000=4).
var labels gpcy "PCP Conc Group'.

compute gdiaz=diaz.

recode gdisz (1 thru 120s1){121 thru 2499=2)(2500 thru 4999=3)
(5000 thru 9000=4),

variable labels gdiaz 'niszepai Conc Group'.

compute gnordiszsnaordiaz.

recode gonoerdimz {1 thru 120=1){121 thru 1099=2){1100 thru 9000=3).
compute gclordyzsclordyz,

recode gclordyz (! thru 120=13(123 thru 2499=2)(2500 thru 4999=31)
{5000 thru 9000=§),

compute gdesclor=deaclor.

recede gdesclor (1 thru 120=1){121 thru 1999=2)(2000 thru 9000=3},
compute gfenobrb=fenabrd. . .

recede gfenobrd (1 thru 120=1)(121 thru 17499=2){17500 thru 34599=3)
(35000 thru 90000=4), . -

compute gbutalbt=butaldt.

recode gbutaldt (1 tdru 120=1){121 thru 4999e2){5000 thru 9999«=3)
{10000 thru 90000=4) .,

compute gpntobrb=pntobdrd.

recode gpntobrb {1 thru 120+1)(121 thru 4999=2)(5000 thru 9999=3}
(10000 thru S50DDD=4).

compute gcoke=coke,

recode gcoke (1 thru 60s1)(61 thru 499=2}{500 thru 999=3)(1000 thru 9000=4).
compute gbenziec=benzlec.

recade gbenzlec {1 thru 60=1)(61 thru &44999=2)(45000 thru 85559=3)
(90000 thru 98000=6).

compute gamfet=gufet.

recode gamfet (1 thru GO=1)(61 thru 99=2}{100 tbhru 199=3)(200 thru S0000=4).
conpute gumethfet=nethiet.

recode gmethfet (1 thru 60=1)(61 thru 4999=2)(5000 thru 90000=3).
compute gpdiphen=diphen.

recode gdiphen (1 thru 2881)(25 thru 6999-2)(5500 thru 9999=3)
£10000 thru 90000=4).



Prug Conocsatration Variables (cont.)

compute gclorfenmclorfen.
recode gclorfen (1 thru 60=1)¢61 thru 349=2)(350 thru 50000=3).
compute gantryprantryp.
compute gnertryp=nortryp.
recode gamtryp (1 thru 7=1){8 tbru 249=2)(250 thru 499=3)(500 thru 9000=4).
recode grortryp (1 thru 7=1)(8 thru 249=2){250 thru 499=3)(500 thru 9000=4)}.
conpute gflucx=fluox.
recode gfluox {1 thru 7=1)(8 tbhru 6€99=2)(700 thru 9000=3).
compute gnorfluxenorfluox.
recode gnerflux {1 thru 7=1)(8 thru 299=2)(500 thru 9000=3).
cospute gueperdn=wmeperdn.
recede gweperdn (1 thru &0=1){61 thru &99=2)(500 thru 999=3)

{1000 thru 99000=4).
compute FRropoxy=propoxy.
recede gPropoxy (1 thru 60=1)(61 thru 249=2)(250 thru i99-3)(500 thru 9%00=4).
compute grodeen=codesn,
recode gcodeen (1 thruw 12=1)(13 thru 99=2){100 thru 199:3)(200 thru 9900=4).
coupute guorfeenssorfeen.
recode gmorfeen (1 thru 60=1){61 thru 99-2}(100 thru 199=3)(200 thru 9900=4).,
conpute glydcainslydcain.
recode glydcain (! thru 240=1)(241} thru 2999=2){3000 thru 5999=3}

(6000 thru 99000=4)., - .
variabdle labels GNORDIAZ 'Nordiazepam Conc Group' GCLORDYZ
*Chlordiszepoxide Conc Group’” GDESCLOR

"Desmethylchlordiazepoxide Conc Group’
GFENOBRE 'Phencbarbital Conc Group' GBUTALBT 'Butnlbital Cenc Group'
GPNTOBRE 'Fentobarbital Conc Group® GCOKE ‘Cocaine Conc Groeup'
GBENZLEC 'Benzoyiecgonine Conc Group' GAMFET 'Amphetamine Conc Group'
GMETHEFEI 'Methamphetamine Conc Groyp®' GDIPHEN 'Diphenhydramine Conc Group'
GCLORFEN 'Chlorpheniramine Comc Group' GAMTRYP 'Awitryptyline Conc Group'
GNORTIRIP "Nortryptyline Comnc Group' GFLUOX 'Fluoxetine Conc Group®
GNORFLUX "Norfluoxetine Conc Group' GMEPERDN ’Meperidine Conc Group'
GPFROPOXY "Propoxyphene Conc Group' GCODEEN "Codeine Comc Group'
GMORFEER "Morphine Conc Group' GLYDCAIN ‘Lidocaine Conc Group'.
Value labels GTHC GCARBTIBC GPCP GDIAZ GNORDIAZ GCLORDYZ GDESCLOR GFENOBEB
GBUTALBI GPNTOBRE GCOKE GBENZLEC GAMFEY GMETHFLITI GDIPHEN GCLORFEK GAMIRYP
GNORIRYF GFLUOX GNORFLUX GMEPEEDN GPROPOXY GCODEER GMORFEEN GLYDCAIN
@ 'None'" 1 °Trace' 2 ‘Low" 3 "High' & ‘Toxic®
variable labels GNORDIAZ 'Uordilzupll Cenc Group GCLORDYZ
'Chlordiazepoxide Conc Group' GDESCLOR

‘Deswethylchlordiazepoxide Cone Group'
GFENGBRB 'Phenobarbital Conc Group' GBUIALBT ‘Butalbdital Conc Group®
GFNTOBRB ‘Pentobarbital Conc Group® GCOKE °‘Cocaine Conc Group'.



Other Drug Data Derived Yariubles

count ndrugs=NYCANNAER DPCP DLSD NYDIAZ DCCGROUP NYFLURAZ NYCLRDYZ
DFENOBRE DBUTALBT DPFNTORRB NYCOKE DXETHFET AMNFLIGRP DCAFEEN DDIPHEN
DCLORFEN NYAMTRYP DPDESPRAE NYDOXFIN DEEFPERDE DMETRDON NYPROPOX NYCODEEN,
MORFGRP NYILYDCAN DCYCBENZ OIHRDRUG (1).

variable labels NDRUGS "Total nonalctoholic drugs ingested'.

compute ndrugs€a=ndrugs+dbac.

variable labels WDRUGS@A "Total drugs imgested, incl. alcobel’.
conpute NOALCDRG=0G,

if (¥DRUGS GE 1) NOALCDRG=1.

variable label BOALCDRG ‘Any Nonalc Drug’

value labels 0 ‘Mot detected’ 1 'Detected”’.

compute ANYSUBST=(,

if (MDRUGSE®A GE 1) ANYSUBSI=1.

varisbie labels ANYSUBST 'Any Alcehol or Drug’

~walue labels 0 ‘'Not detected’ 1 "Detected’.

Derivation of BUBEBANPL Variable

COMPUTE SUBSANPL=97.

1F (NDRUGS4A EQ 0) SUBSAMPL=D.

IF (GBAC EO I OR GBAC EQ 2 OR GBAC EQ 3 AND ¥DRUGS EG D) SUBSAMPLe=l.
IF {GBAC GE 4 AND NDRUGS EQ 0} SUBSAMPL=2,

IF (DTRC EQ 1 AND NDRUGS@A EQ 1} SUBSAMPL=3.

IF (DTHC EQ O AND DCARBTIHC EQ 1 AND EDRUGSSA EQ 1) SUBSANFLe4.

IF (NYCOKE EQ I AND NDRUGSE@A EQ 1) SURSAMPL=S.

IF ((AMFETGRP EQ 1 OR RYMTHFET EQ 1) AND NDRUGS@A IQ 1) SUBSAMPL=S.
IF (DBAC EQ D AND NDRUGS EQ 1 ARD NYCANNAB EQ 0 AND

CNSSTIN EQ D) SUBSAMPL=?.

IF (DTHC EQ 1 AND DBAC EQC 1T AND NDRUGS@A LI 3) SUBSAMPL=S,

IF (DTHC EQ O AND DCARBTHC EQ 1 AND DBAC EQ 1 AND NDRUGSEA LT 3)
SUBSAMPL=9,

IF (NYCOXE EQ 1 AND DBAC EQG 1 AND NDRUGSEA LT 3) SUBSAMPL=10D,

IF ((AMFETGREP EQ 1 OR RYMIHFET IXQ 1) AND DBAC EQ 1 ’

AND NDRUGS®A EQ 2) SUBSAMPL=ll.

IF (DBAC EQ 1 AND NDRUGS®A EQ 2 AND NYCANNAB EQ O AND CISSTIH EQ O)
SUBSAMPL=12,

IF (DBAC EQ 1 AND NDRUGS®A GE 3) SUBSAMPL=13,

IF (DBAC EQ O AND NDRUGS EC 2} SUBSANPL=14,

IF (DBAC EQ © AND NDRUGS GE 3) SUBSAMPL=15. )
variable label SUBSAMPL "Driver Drug Invelvement Categoriea™.

value labels SUBSAMPL 97 'COther' 0 "'Drugfree’”™ 1 “AlcOnly~LT.10"
2 "AlcOnly-GE.10" 3 "TEC-Only" 4 "Carboxy=-Only” 5 "“Cocaine-Caly”
6 "Amfets-Only™ 7 'Othr Singl' B 'Alc+THC" 9 "Alc+Carbxzx”

10 "Alc+Coke’ 1i “Alc+Awmfets™ 12 "Alc+lothr™ 13 “Alc+2+"

14 "2 Nonalc™ 15 "3+ Nonalc™ 97 'Other’.



Mop~drug Crash Descripter Variables

conpute landuser=roadtype.

recode landuser (1 thru 9=2){11 thru 19*1).

variable labels landuser “Land Use frow ROADIYPE’,

value labels landuaer 1 “Urben' 2 “Rursl”.

ccapute acason=axmonth.

recode aeason {1,2,3=1)(4,5,6=2){7,8,9=3)(10,11,12=4).

value labels sesson 1 “Winter' 2 “Spring' 3 “Summer' 4 “Fall'.

compute surfconr=surfcon. '

recode surfconr (2 thru 5,8%2).

variable labels surfeconr “Surface Condition”®.

value labels surfcenr 1 “Dry’ 2 “Other’.

compute vehtype=bodytype.

recode vehtype (1 thru 9,13,67=1) (10,50,51,52=2) (11,40,41,42,458,4%9,54=3)
112,55,56,68=4) (53,58, 39 69-5) (20, 21 27 28 29=6) (70 thrn 79-7).
v.ri-blc lnbela vehtype ‘Vehicle Iype'.

value labels vehtyye 3 ‘Car® 2 “Pilickup' 3 “Van' & “*U=~Vek*®' 5 “Oth Lt Truk'
6 "M-cyle' 7 ‘Hvy Trux'.

compute calaxr=calax.

recode calaxr {(111,112,113,118,12% thru 12&-1) (211,213,215,217,221=2)
(311,321=3) (51!, 513-&) (212 214 216,218,222=5) [312 32216) (512 514=7)
(611.&13.&15,&21.423.425.&27-8) (412,&14.616.422.&2&,&25,628-9) (else=97),
variable labels calaxr "10-Value CALAX'.

value labels cealaxr 1 “Sngl Drvr' 2 “‘Hear Strkng' 3 “Opp Strkng"

4 "Int Strkng' 5 “REear Struk' 6 “0pp Struk' 7 “lInt Struk' B “Turn On°’
9 “Turnd Upon' 97 “Other'.

Rissing value surfconr (9) calaxr {(998).



Mon~drug Crash Dascriptor Variables (cont.)

compute crédthitmgecrdthtyn.

recade crdthtmg (0.1 thru 0.5=1) (0.6 thru 1.0=2) (1.1 thru 1.5=3)

(1.6 thry 2.0=4) (2.1 thru 2.5=5) (2.6 thru 2.0=6) (3.1 thru 3. 5-7!

(3.6 thru %.0=8) (4.1 thru 9.8=9).

variable labels crdthtag *Crash-Death-TIime Group'.

value ladels crdthtey 0.0 0 2r* 1 *0,1-0.5 br' 2 “0.6~1.0 hr'

3 *L.1-1.5 &r' &4 "1.6-2.0 hr' S *2.1-2.5 hr' 6 *2.6-3.0 hr' 7 *3.1-3.5 hr'
8 *3.6-4.0 ar' 9 “4.0-9.8 br'

compute dthbltug=dthbltyn.

recode dthbhltmg (0.0 thru 1.0=1) (1.1 thru 2.022) {2.! thru 3.0=3) .
(3.1 thru 4.0=4) (4.1 thru 8.0#35) (8.1 thru 12.0=§) (12.1 thru 24.0=7}
{24.1 thru 48.0=8) (48.1 thru 72.0=9) (72.1 thru 96.0=10).

variable label dthbltmg “Death-Spcun-Time Group'.

value labels dthblteg 1 “LE 1 br' 2 "1.1-2.0 bhr' 3 “2.1-3/0 hr’

& ‘3.1—4.0 hr' 5 “4%.1~8.0 hr' & “8.1~12.0 hr' 7 *12.1-24.0 hr'

8 '24.1-48.0 hr' ¢ “%8.1-72.0 br* 10 *72.1-96 hr'.

compute dragegrp=agedrvr.

recode dAragegry (15 thru 17=1) {18 thru 20=2) (21 thru 24=3) (25 thru Ja=4}
(35 thru &4=5) (45 thru 54%6) (55 thru 64=7) (65 thru 95=4).

varjiable label dragegrp ‘DPriver Age Group'.

value labels dragegrp 1 *15-17 yr' 2 “18-20 yr' 3 “21-24 yr*' & “25-34 yr'
5 "35-44 yr' 6 “45-54 yr' 7 “55-64 yr* B ‘75-95 yr' )
compute drfctrlstrunc{drvrfctr/10000}.

ctompute reml»drvrfctr-(10000%dréfctrl).

compute drfctr2=trunc(remsl/100).

conpute drictr3=renl-(100%drfctr2).

compute drfctrir=drfctrl.

compute drfctr2redrfctr2.

rompute drfctrir=drfctrl. )

recode drfctrir dréctr2r drfctrdr (3, 7 thru 12, 19 thru 25, 29,31,32,37,
40 thru 43,48,49,52 thru 57,59 thru 87,90,91,92%97)(33,34,35=3)(4,5=4).
variable label drfctrlr “First Driver Facter'.

variasble label drfctr2r “Second Driver Factor’

variable label drfctr3r “Third Driver Factor'.

value labels drfctrlr drfctr2r dréctr3dr 1 “Sleep/y' 2 “111' 3 “Passng Err’
26 ‘Follwng Err' 27 “Ln Chg Err' 28 "Ln Mnt Err" 30 ‘Niry/xt Err' 36 ‘Rckless’
38 ‘Rtofway Err’ 39 “Trafcntrl Err' 44 ‘Toofast®' &5 “Tooslow’

46 "Eratcapeed’ 47 “Turn Err' 50 “VWrongway' 51 “Wrong Syd'

58 “Ovrcorct’ 97 “Other' 0 “None' & “Drugs’ & “lnattmtv’. .

- missing value drfetrir drfctr2r drfctrdr {99).

H-10



Appendix I

Unweighted Drug Prevalence Rates

: This Appendix presents the prevalence rates for the

drugs and drug classes, using the original data without
corrections for sample bias. For some sampling sites,
the data include cases that originated from adjacent
counties or States.

At the end of this Appendix, Table I-7 provides
confidence intervals, based on the sample sizes obtained
for each county or State, and the FARS counts of the
eligible driver population from each county or State.
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A A Bernading Diage Anpeles  schupatts Caroline MY Wirpinks  Exec. wl 1 ™ Hiee
CA CA tA 1L

Substance

Alechol (etharnol): WAL <, 10 1.5 §.0% .75 11,05 14.8% 3.25. 05 ax  12.m 7.9 1L% Hhm e LN

Mutn: tothanoi): QAL ».10 37,52 &01 NYg W - SN . 47.4% .65 50.0%  ¥N.ET AL [T s 53.BF 449K A2.8X

Canvable
belns-9 INC 9 . 40 .7 9.7 5.2 [N ) 1.9 3.4 .4 32 0.0 10.4 é.1 4.3
Corbony THC (mwtabel Ite) T.% 8.0 .7 3.3 .3 8. 4.3 T.4 &. i.9 0.0 1".7 [ XS % ]

Nal lue lnogers
Mhancycl idine 13 0.0 0.0 0.0 1.0 .0 5.0 0.0 0.0 8.0 1.5 0.0 ®e LI
L% 0.0 2.0 0.7 8.0 8.0 0.0 9.0 0.0 [ K] 8.0 0.0 0.0 ®Le K13

Bentodisxepine trarapt lizere .
oarepen 5.0 [ K ] ey 1.4 1.0 3.3 4.0 0.0 '.2 1.1 0.8 4.7 1.7 5%
Rerdiatepan (disz. seteb.) 3.0 a0 (N ] 1.4 1.0 2.3 4.0 0.8 ).2 1.2 0.8 L7 49 LN
Lerstepan 0.0 0.0 0.0 .0 0.4 0.8 0.4 0.8 [ X ] 8.0 0.0 0.0 2.8 X
Fluraz [ X ] 8.0 0? 8.8 0.0 0.0 .. 0.0 0.9 [ 5] 9.0 a.8 [ N I R
Pesathyl{lurazepam {fluraz, swtab,) 0.0 [ X ] 0.7 0.8 (R ] | X .0 0.0 8.0 0.0 0.0 [ N ] 8 N
Alptarelam [ X 9.0 . 8.0 6.9 0.0 | K ) 0.8 4.0 0.0 9.6 9.0 .0 00X
Gusieopen [ K] a.e (X ] [ B ) 0.8 0.0 0.9 [ X} [ X ] 0.0 0.8 0.8 .0 08X
el ordisxepox lde 6.0 .. 8.0 9.7 0.9 1.2 0.4 0.0 L A ] 0.3 .0 o 3.0 043
Sesmethyichtordiszepsaide 0.0 0.0 8.0 0.7 [ X ] [ X} 0.4 0.9 [ X} [ 8 ] 0.0 0.0 ey 42

tchisrdioz. mteb.)

Barbiturate sedatives '
Pharchariitel a.e 4.0 .7 1.4 0.0 0.8 0.4 0.0 .0 [ X 0.0 e.9 1.7 L&
Seccherbitel 0.0 9.0 0.0 9.9 [ K ] .0 [N ] 0.0 0.8 9.0 2.0 0.0 -0 0K
Sutsbarbital 1.0 0.8 b0 [ K ] 0.0 9.0 [ K ] 0.0 .0 0.0 9.0 9.0 .0 o
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Ascberblesl 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 " 02

o stimulents
tocaine .0 4.0 0.0 1.4 7.3 1.2 1.9 1.9 3.8 0.3 .0 [ K ) “ m
Sanzoytecpanine (cocaine meteb.) 10.0 [ N 0.7 0.2 1.4 &b L9 p 3.4 .0 5.4 [ 4 2.6 4N
Anphetanine 1.3 [ K 1.7 &1 t.e 0.0 6.0 o0 0.0 0.8 .9 18 1.7 1.12
Notheapiv tonine T3 | ] T.5 2.3 2.1 0.8 9.0 L7 0.0 0.3 0.0 .0 1.7 1.5
Caffaine 0.0 0.0 8.0 .7 2.0 0.0 8.0 [ ] 0.0 0.0 0.0 | N [ X B A )

Bon-barbiturate sedetives
Ethchlorvynol 0.8 0.8 5.0 .0 [ X ] 8.4 1.9 [ X) 0.0 0.0 9.0 0.8 ™. oM
Nethacuaieoe 9.0 0.0 [ A ] .0 4.0 0.0 9.0 [ N ) 0.0 Q.0 9.0 [ X ] a1
Meprobemste 0.9 0.0 8.0 9.0 .0 8.0 0.0 2.0 [ 4} 0.9 0.0 [ X ey o0

Antihlatemines
Diphanhydeanire 0.0 0.0 0.0 [ K ] 0.0 0.5 | K 8.0 0.0 0.4 1.8 [ K 0.0 0.4

ydrochieride
Chlorphent ranine 0.0 0.0 1.5 aor 0.0 2.9 0.2 9.0 0.0 0.0 9.0 [ B 0.y N
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Table 1-2

Concentration Categorias of Substances Fourd
in 3 or More Drivers

tipn Ca
: # Cases Low -
Substance with dryg Irace  ]ntermed.  Migh Ioxic  iotal

Alcohol (ethanal) 953 2.2% 14,12 18.1% 65,62 100.0%
Cannabis

belts-9 THC a0 20.0 8.8 1.2 * 0.0

Carboxy- THC 129 0.0 99.2 0.8 - 100.0
fatlucinogens

Phencyclidine 3 0.t 0.0 ns3 88,7 100.0
Benzodiazepines

Diszepam . 47 36.2 43.8 0.0 0.0 100.0

Nordiazepam 43 231.3 7e.4 2.3 - 100.0

Chiordiazepoxide ] 12.5 75.0 0.0 12.5 100.90

Desmethyichiordiazeporide 7 42.9 42.9 4.3 - 1040.0.
fSarbiturate Sedatives

Phencbarbi tal 12 a.0 a3.3 16.7 0.0 100.0

Butatbital 13 g.0 92.3 7.7 0.0 100.0

Pentobarbitel 4 0.0 100.0 a.9 0.0 ©100.0
CNS Stimulants

Cocaine b T4 243 8.9 S.h 5.4 100.0

Benzoylecgonine . 6.0 9%.0 0.0 0.0 100.0

Amphetamine . 20 20.0 10.0 30.0 46.0 100.0

Methamphetamine 34 8.8 88.2 2.9 - 100.0
Antihistimines

Diphenhydramine 7 0.0 85.7 0.0 14.3 100.0

Chiorpheniramine 5 0.0 60.0 40.0 i 100.0

* Antidepressants -

Amitriptyline 7 a.e 286 28.6 42.8 100.0

Nertriptyline 7 0.0 28.6 57.1 4.3 100.0

fFlucxetine 4 0.0 25.0 75.0 - 100.0

dorfiucxetine [ 0.0 75.0 25.0 - 100.0
Narcotic Analgesics

Propoxyphene -] 0.0 &6.7 0.0 3.3 100.0

Norpropoxyphense é 0.0 6.7 0.0 33.3 100.0

Codeine 7 0.0 571 14.3 28.6 100.90

Morphine 9 22.2 333 1.1 3.3 100.0

*A toxic Level was not identified.



Table )-3

Site Distributfon of Parent Drugs Found In 1082 Fatally Injursd Drivers

Prugs In Driver Fatatities Stuly
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Toble L-4

Drug Clesa Prevaisnce Rates In Flnal 1852 Canes

brugs In Driver Fatalities Study
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Drug Class
Alesho! {ethanal)
l:lr;nbis
CNs Stimulants -
Benzodiszepines
Barbiturates
Harcotic Analgesics
Antidepressants
Antihistimines
Hallucinogens
Antiarrhytimics
Muscle Relaxants

Nonbarbi turate
Sedatives

Antipsychotics
Nisc. Other Drugs

Totai Cases

Note: Colums do not add up to 100% because more than one drug class can be found for any one driver.

*Uaghoe, Nevads site was excluded from thic analysis cue to smai! semple size.

California Mass.
{3 counties) ——
51.4% 52.6X

9.3 8.1
0.7 &b
2.5 5.2

" 2.0 1.2
0.9 0.6

6.9 1.7

c.7 0.6

0.7 0.0

6.0 9.0

0.0 0.0

6.0 0.0

0.0 0.0

1.8 1.7

&40 173

Tuble I-5

Drug Class Prevalence Rates Within State Groum*

prugs in Driver Fatalities Study

nh = 1528 Cases

N.C.

466X

4.3
4.9
5.1
1.5
1.1
c.8
0.6
0.0
0.2
6.0
2.0

0.0
1.1
530

Virginia
{15 counties)

51.8%

6.0
3.6
1.2
0.0
0.0
0_.0
0.0
0.0
0.0
0.0
0.0

0.0
1.2

Wisconsin

49.9%

4.5
2.6
1.6
1.3
0.8
0.5
0.8
C 03
0.0
e.3
0.0

6.0
1.8
381

Texas

(2 conties)
59.3%

1.3
9.5
4.1
1.8
1.8
0.9
0.9
0.0
0.0
0.0

0.0

0.0
1.4
221

ALl
Sites

50.5%
6.9%
6.3%
3.3%
1.5%
1.0%
0.5%
0.6x
0.2%

T o0.1%

0.1%
c.0x

0.0%
1.5%
1828
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 Table 1-7
Confidence Intervals for Prevalence Rates®
Instructions: For a given drug prevalence rate at a sample site, find the value in the zolumn labelad ™Drug

Prev. Rate", and read the 95X or 99X confidence interval from the cofresponding colums. Interpoliate as
necessary. Exasple: Ffor a 10X prevalence rate in Solanc County, the 95% confidence interval is + or - 2.4X.

5% ooX
g Confidence Confidence
Prav. Interval Interval
Jota! Semple Rate ’ 4 00 - + or -
(Within site cages only)
50.0% 1.3% 1.6%
Sample Size s 1790 &0.0% 1.2% 1.4%
Popuiation Size = 2539 30.02 1.2% 1.5%
: 20.0% 1.0% 1.3%
10.0% b.t% 1.0%
5.0% G.5% 0.7
2.0% C.4% 0.5x
1.0% 0.3% 0.3X
Atameds County, CA
50.0% °.3x 12.2%
Sample Size = 40 40.0% 91X 12.0%
Population Size = &2 . 30.0% 8.5% 11.2%
20.0% 7.4X 9.5X
10.0% 5.6% 7.3%
5.0% 4.1% 5.3%
2.0% 2.6% - 3.4%
1.0% 1.9% 2.4%
Solano County, CA
50.0% k-4 5.1%
Sample Size = 25 40.0% 3.5 5.0%
Population Size = 26 30.0% 3.6% L.TX
20.0% 3.1% 4,1%
10.0% 2.4% 11X
5.0% 1.7% 2.2%
2.0% 1.1% 1.4%
1.0% 0.8X 1.0%
San Bernadino Coumty, CA
] 50.0% 4.3% 5.6X
Sample Size = 131 %0.0% 4.2% 5.5%
Populstion Size = 174 30.0% 3.9 5.1%
20.0% J.4% 4.5%
10.0% 2.6% 34X
5.0% 1.9% 2.4%
2.0% 1.2% 1.6%
1.0% 0.8x 1.7%
San Diego County, CA
50.0% . 2.4% 3.2
Sample Size = 145 40.0% 2.4% 3.1%
Population Size = 159 3¢.0% 2.2% 2.9%
20.0% 1.9% 2.5%
10.0% 1.5% 1.9%
5.0% 5.1% P
2.0% 2.7% C.9%
1.0% 0.5% c.6%
Loz Angeles County, CA
50.0% am 11.4%
Sampie Size = 97 40.0% 8.6% 11.2%
Poputation Size = 417 30.0% 3.0% 10.5%
20.0% 7.0% 9.2%
10.0% 5.2% 6.9%
5.0% 3.8% 5.0%
2.0% 2.4% 3. v
1.0% 1.7% 2.3%
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Tabte 1-7

T (continuei)
P52 9%

drug Conf idence Confidence

Prav. “Intervei ) interva!

Rate + or - . + or -
pDallas County, TX

50.0% 8.1% 10.6%
Saple Size = 43 40.0% 7.9% 10.4X
Population Site = 110 - 30.0% 7.4% ?.7X

20.0% 6.5% 8.5%

10.0x &.9% 6.4% -

5.0% 3.5% &§.6X

2.0% 2.3x 3.0%

1.0% 1.6% 2.1%

*kote: The confidence intervals shown are based on the obtained sample sizes snd the size of the FARS driver
population eligible for the study. Both are counted within the geographical boundsries of each site.
The confidence intervals pertain only. to prevalence rates based on the samples from within those
boundaries, i.e., the weighted prevalence rates. Confidence intervals for the samples including cases
from outside the site boundsries are not provided, for the populations they represent are ssbiguous.

.(r}

I=-12



Appendix J

Derivation of Relative Risk from Responsibility Rates

Prom Terhune {1983), we get the following:

Estimated relative risk of causing a crash with drug;=

Mo, responsible drivers with dryg, x No, nonresponsible drugfree drivers

No. nonresponsible drivers with drug; x Wo. responsible drugfree drivers (J1)

Let A= No. responsible drivers with drug,
B= No. nonresponsible drivers with drug;,
C= No. responsible drugfree drivers
D= No. nonresponsible drugfree dr;'vers

Equation (J1) becomes (A/B)*(D/C) ’ (T2}

Row, the responsibility rate of the drugfree group=
r= C/(C + D)
and 1l/r =1 + D/C (J3)
Similarly, the responsibilty rate of the drug; group= '
r= A/(A + B)

and 1/r=1+ B/A (54)
From (J3) we get, D/C= (1 ~ r,)/x, {I5)
From (J4) we get, A/B= r /(1 ~ r;) (I6)

Entering equations (J5) and (J6) into (J2),
Estimated relative risk of causing a crash with drug=

&
r, {1 -x)



- Appendix K

.

Distribution of SUBSAWPL Drivers in Relation to Crash Resporsibility

[ ibilt
Resporsibility Resporxibility
Substance Group —02 =34

prugfree drivers 70.3% 3-5 1%

privers with 1 substance only in system .
Alcohol: BAC <0.10%

B.7
Alcohol: * BYC »0.10% 10.8
Delta-¥ THC, R 1.6
Carboxy THC® 0.2
Cocaine/Benzoylecgonine 0.7
Amphedamines 0.2
Other 3.5

Drivers with alcggl-ggq combination

Alcohol L delta-9 THC

Atcohol & carboxy-THCZ

Alcohol & cocaine/benzoylecgonine
Alcohol & amphetamines :
Alcohol & 1 other not
Alcohol & 2 or more other

.

rONMN

rivers with non-sicohol combinations
2 drugs 7 0.5
3 or mare drups _ 0.5

Total

a
]

Notes
T4ith or without carboxy THC
Zuithout THE

3Im':ll.m:l\-.s benzodisazepines (18 drivers), barbiturates (8), sntihistamines (8}, narcotic analgesics (5), snd
miscel isneous others ’

"lncmdes berzodiazepines (18 drivers), barbiturates (8), sntihistamines (3}, and limllm others
sh'ur:ll.ln:lln canrabis (31 drivers), cocaine (21), benzodiazepines (21), barbiturates (7}, and miscellaneous others

6Im:ll.l:les- barbiturstes (7 drivers), benzodiazepines (5), camnabis (4), -#aetni'm h), amd
miscel lansous others

includes ssphetamines (4), cocaine (3), cannabis (2) snd miscellansous others.

.5, 6.P.D.:1994-301-717:80492





